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Editorial Note . 


The discussions following the papers are recorded more or less 
as they were taken down by stenographers at the time the words 
were spoken, Very little editing has been done, except where there 
was some doubt as to the speaker’s exact meaning. To have asked 
each partaker in the discussion to edit his own contribution would 
have been a physical impossibility — all returned to their stations, 
some of which were overseas, after the Congress was over — 
unless one was prepared to delay publication of the proceedings 
indefinitely. My apologies are therefore given in advance should any 
of the views of the partakers in the discussion be misrepresented. 


My thanks are due to Lt.-Col. A. J. C. Latchmore, M.B.E., 
R.A.M.C., for help with the collection and editing of the papers, and 
lo Sgt. J. D. Wade, for the immense amount of clerical work he has 
done in the preparation of these proceedings for publication. 
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HAROLD C, EDWARDS, Brigadier, 
Consulting Surgeon, A.F.H.Q. 
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Eastman Dental Clinic, Viale Regina Marguerita, ROME 


Monday 12th February, 1945 


Opening address by Major-General W.C. Hartgill, C.B., O.B.E., M.C., K.H.S.,, 


Director of Medical Services, Allied Force Headquarters. 


“ Before opening this congress, let me say that we have a full day before 
us, and I intend to say as little as possible. 

There are just one or two things I would like to mention, First of all I 
want to extend a genuinely hearty welcome to our visitors. Unfortunately, 
certain visitors we expected from overseas have not yet arrived. It is very 
unfortunate, because this first day as you will see from the programme is a 
very important one, and I think some of the people who have not seen surgery 
at the front would profit from it, and, I think, would also have a lot to say. 
However, I expect they will arrive as the conference goes on. 

I would like to say specially how sorry I am that Major-General] Stayer, 
my opposite number, is not able to be present this morning. He came up to do 
so, but was recalled on duty last night. However, he will be here before we 
finish. 

Another welcome I would like to extend, is to all our colleagues in this 
theatre, especially those in the American Army, our Allies, and Dominions. 
I don’t think in this war there has been a congress where we have had 
assembled together such a brilliant galaxy of surgical talent, and by that I 
mean the surgeon with war experience who has done the job, and I believe 
you will find this conference will produce very good results. On that same 
subject I would like to say that in this theatre we have regarded ourselves as 
all part of one team, and I think the team work has been as good here as in 
any similar command. As I just mentioned, we have large numbers of Allies 
and people from all parts of the world and Empire, and everywhere we have’ 
had exactly the same results. We have all been kicking the ball at the same 
goal. You will find patients of all types intermingled in our forward units 
receiving exactly the same treatment, and it is only when evacuated down to 
base that they are drafted out to their own respective hospitals. Everywhere 
you will find the same feeling among these patients, and all of them. paying 
the greatest tribute to the hospitals in which they were treated. 


Many of you know that I was chairman. of the committee which inaugurated 
the modern set-up in the field, which was designed to make surgery flexible 
in its organisation. It has been realised that on many occasions with the old 
set-up we could not get the wounded man back sufficiently early to the surgeon. 
We wanted an organisation which would bring the surgeon up to the wounded 
man. That organisation has stood the test.. Everywhere we have been able 
to get first-class surgery forward and also post-operative nursing, which is 
almost equally important. It is most unfortunate when the surgeon does a good 
piece of work and finds that a man dies from lack of proper post-operative care. 
I think we have got it in this theatre. I am interested to hear that the same 
thing is going on in North West Europe. They are working under different 
conditions, but achieving the same results. 

This is all I have to say by way of opening. I would like to take this 
opportunity to thank you all for the grand work you have done, and I hope you 
will go on making surgical history in the way you have been doing.” 
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THE PRIMARY OPERATION IN BATTLE WOUNDS OF THE LIMBS 


by 


Major H. W. BURGE, RAMC 


General Hartgill, Brigadier Edwards, Ladies and 
Gentlemen. 

I wish to discuss a few aspects only of the primary 
operation in battle wounds of the limbs. 


Pre-Operative Preparation of the Skin 

Always first and not unimportant is the proper 
preparation of the skin; and by this I mean nothing 
more and nothing less than the wide use of soap. 
water and the razor. More than ever is this impor- 
tant now that delayed primary suture is our aim, 
To make the wound safe for life is not enough; we 
must make it too, safe for successful suture. 

In Africa, in our advanced surgical centres, it 
was usual for the fully dressed and therefore inade- 
quately examined and improperly X-rayed patient 
to be placed on our operating tables. Too much, far 
too much, time was spent examining and undress- 
ing and to undress the unconscious patient is, in 
itself, a difficult and slow undertaking. 

Since then we have travelled far, and now, in 
our Advanced Surgical Centres, we are given, 
usually, the stripped, examined, recorded and 
X-rayed patient. Yet I think it is fair to say that 
there is still room for considerable improvement. 
It is not because we surgeons do not realise what 
should be done; rather is it because, in time of 
battle, there is so much to be done in so short a 
time. How then can we improve? We can improve 
by washing and shaving the limb, not in the theatre, 
but in the pre-operative ward. Here patients must 
wait for operation; here then let them be washed 
and shaved. It can be done by the properly masked 
orderly, be he British or Italian, soldier or civilian, 
and done too in the majority of battle casualties. 

I want to advise the use of the washing and 
shaving bench in the pre-operative wards of all our 
Advanced Surgical Centres. 


Radiology 


It is interesting to review the change of feeling 
over the last two years towards radiology in 
advanced battle surgery. Then, in Africa, the feeling 
of most forward surgeons was that X-ray help was 
not necessary in trunk and limb surgery and was, 
perhaps, a waste of time. 


I need not discuss its value now in thoracic, 
abdominal and thoraco-abdominal injuries; we are 
all agreed that such surgery is undesirable without 
it. Rather I do want to stress its value in limb 
surgery. I agree that it is not important to know 
the position and nature of bony injury; these will 
be seen if the wound is properly explored. But the 
value of the removal of the metallic foreign body 
has not been fully realised. Now that delayed 
primary suture is in general use, more than ever is 
removal necessary; where the metallic foreign body 
is, there also is the battle-dress and if we fail to re- 
' move the metal we fail also to remove the cloth. The 
easiest way to find these foreign bodies is by the 
enquiring finger in the track when it is most easy 
to follow at the time of the first operation. We want 
these foreign bodies out, especially in fracture 
cases, before suture is done. 


Radical—* To be or not to be” 


You will remember that in Africa two armies met; 
one came from the east.and one from the west, and, 
it is true that they met a littke more to the west than 
to the east, but they differed, so they thought, in the 
primary treatment of wounds. They agreed on the 
value of decompression, but disagreed on the extent 
of muscle excision. Later, gentlemen, they met on 
common soil, the common, dirty soil of Italy and 
on this dirty soil they came to practise the same 
operation — the same operation because that great 
principle of wound surgery is not new and has not 
changed, and I think will not change — to remove 
the bad and to leave the good. 


The future is clear — to apply this simple princi- 
ple to all war wounds no matter where we are or 
what these wounds are like, but especially must we 
be thorough in debridement now that delayed pri- 
mary suture is to follow. 


the Principles of Wound Treatment 


1. Adequate decompression. 
2. Thorough debridement. é 
“Fixation for evacuation. 

These are the principles; I need not enlarge much 
on them but I would stress the value of decompres- 
sion. Subnormal tension in the tissues must be our 
aim. For all wounds are infected, and tension means 
avascular muscle, and this leads to sepsis, and 
sepsis means inflammation and tension. A vicious 
circle — and was there ever a circle more vicious 
than this? ; 


But there is now a new and fourth principle — 
preparation for delayed primary suture. The ideal 
delayed primary suture consists of nothing more 
than insertion of skin sutures. Often, mobilisation 
of skin is required and if this is done at the delayed 
primary suture there is hemorrhage — which is 
always to be avoided, if possible, in this operation. 
I want to see the surgeon at the initial operation, 
mobilise skin, test for tension— do, in fact, the first 
part of the delayed primary suture. This does not 
lead to sepsis, certainly not in the early, well-debri- 
ded wound. 


The Treatment of Skin, Fat and Fascia 


The importance of longitudinal skin incision and 
the use of the double longitudinal incision in T & T 
wounds is well recognised. As a general rule the 
skin edge should be left and tags only removed, 
unless there can be no question of tension at the 
delayed primary suture — then deliberate skin 
excision is justifiable, and then only if delayed pri-— 
mary suture is assured. 


If an early wound is properly debrided and the 
skin, with its fat, allowed to fall Datk™in’ position 
then at delayed primary suture the flaps can be 
raised and will show clean surfaces. If the wound 
is old, with established sepsis, then no matter how 
good the debridement that wound at four days will 
not be clean. In this case I sew back the skin flaps 
over a thick gauze roll and apply penicillin calcium. 
On the fourth day the sutures are cut and delayed 
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primary suture performed. I use this method too, 
and have been well pleased with it, in amputations, 
but do not advise evacuation afterwards. It is a good 
method where the surgeon can handle the case 
throughout. 


When the fat is “dirty” at the skin margin, to 
excise it is to leave there skin only. At delayed 
primary suture ‘later, skin to skin alone will not 
heal well. In these cases I sew back the skin flaps 
and leave the dirty fat which is treated with peni- 
‘cillin calcium. Successful delayed primary suture 
can often be expected, especially when tension is 
absent. 


Bone 
We are taught to remove all dead and potentially 
dead tissue — to remove all completely detached 


bone fragments. All surgeons who have dealt with 
fractures caused by high velocity metallic foreign 
bodies will know that completely detached fragments 
are the rule. With this teaching I agree in penetrat- 
._ ing wounds of the head with fracture of the skull; 
I agree in open wounds of the chest with fracture 


of the ribs; but I do not agree in fractures of the | 


long bones of the limbs. To remove these frangments 
leaves a gap and, while it is true that new bone can 


sometimes jump a gap, it may fail and more trouble 
is caused by removal than ever was by leaving these 
fragments in position. Sequestration, I believe, is 
rare and, in properly debrided and decompressed 
wounds these fragments fuse into sound bony union. 


Gentlemen, graft your fractures with completely 
detached fragments. 


The Proper Control of Pre-Operative Evacuation 


This is the last and an important point I wish 
to make, for on this evacuation depends the 
thoroughness of the primary operation. If wounded 
men are allowed to accumulate in the pre-operative 
ward of an Advanced Surgical Centre their number 
will far exceed the working capacity of the thea- 
tres. Hurried and bad surgery will be encouraged 
and the time-lag between injury and operation will 
be increased. Good liaison between units regarding 
pre-operative evacuation’ can do much to ease the 
burden on the forward surgeon and cut down this 
time lag which is so important. Especially is control- 
led pre-operative evacuation necessary at C.C.S, level 
where so many low priority cases do collect. This 
principle has been latterly realised and practised 
and is one of the many things for which we forward 
surgeons must thank Brigadier Stammers. 
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THE PRIMARY TREATMENT OF WOUNDS 


Major G. H. WOOLER, RAMC 


Tam going to restrict myself to wounds involving 
muscle only. 

I am not going to describe the treatment of other 
injuries which are detailed for discussion later. 


When a wounded man is admitted into the operat- 
ing theatre examine his field medical card and 
question him about his injuries, for occasionally he 
will tell you about one which has not been noted 
on his card. 

Then inspect his injury, and if it is in a limb, feel 
for arterial pulsation distal to it. Compare the tem- 
perature with the opposite limb and test for nerve 
lesions. 

If there is just an entry wound ask him where 
he has the most pain: he may point to where the 
foreign body is lying. In any case inspect the other 
side of the limb yourself, for F.Bs. frequently come 
to rest under the skin. 


Removal of the dressing may require an anesthetic. 
A gauze pad soaked in aqueous acriflavine solution 
is placed on the wound while the surrounding skin 
is shaved and cleaned with soap and water. Too 
much soap and hot water cannot be used for this 
purpose. It takes two orderlies to clean a limb, one 
holding it carefully while the other washes and 
shaves. 

The pad is removed from the wound. The skin 
is Ss cad with flavine in spirit and towels are put 
round. 


- As a general rule and with very few exceptions I 
explore all wounds. 


Each case must be judged invidually and when 
dealing with multiple injuries the great thing is to 
do the most important ones first, and take a chance 
with the others, doing only what is essential to these 
such as splitting the deep fascia, rather than to 
subject the patient to a long operation. Do the most 
important wounds in the correct sequence so that 
the patient is moved as little as possible during the 
operation, because all movements worsen his general 
condition and lessen the time you can spend operat- 
ing. . ; 

The time spent over the operation is an important 
factor, for the patient will stand a certain amount 
and no more. You have got to decide what to do 
during this period and then stop, otherwise the 
length of the operation alone may kill the patient. 


If after excising one or two wounds his general 
condition has deteriorated considerably, and there 
are other wounds still requiring attention — stop 
operating, tip up the table, cover him with blankets, 
give blood and oxygen and leave him for’ half an 
hour while you deal with another case on your 
second operating table. After this time he will have 
recovered sufficiently for you to carry on, but you 
must work fast, for every minute counts. 


I commence excision of a limb wound by enlarging 
it a little in the long axis; then by applying tissue 
forceps to avert the skin edges I excise the track 
through the subcutaneous fat liberally for it always 
contains a considerable amount of dirt. I leave the 
skin alone except to remove small tags which are 
obviously devitalised. 
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I open up the deep fascia in the long axis of the 
limb, and it is the amount of damage to the deep 
fascia which determines how long the incisions have 
to be made, but do not be afraid to make them long 
enough, they should always reach to the full extent 
of the skin incision. I never hesitate to open up the 
full length of the calf or thigh if I consider it is 
necessary, and when dealing with the fascia lata of 
the thigh transverse incisions are required as well, 
in order to decompress the muscle adequately. 

Avoid transverse incisions around a limb. Where 
the track crosses from lateral to medial aspect it 
should be followed from the lateral aspect as far 
as possible. Then .a counter incision made on the 
medial side and the pursuit continued. 


Avoid incision over bone where the resulting scar 
has a chance to become adherent and painful. If 
there are several wounds on one side of a limb with 
considerable underlying muscle damage, I join the 
wounds together even though the resulting incision 
is rather ‘S’ shaped. It enables you to open up 
the deep fascia more fully than if you excise each 
wound separately. 

Very small tracks involving only muscle I follow 
as far as possible, but would not conduct a long 
search for a small F.B. which in all probability will 
not give any trouble. 

I follow the track by vision rather than by palpa- 
tion, excising damaged fascia and all muscle which 
will not contract or bleed. 


I think the most difficult wounds to deal with are 
those caused by blast where large lumps of earth have 
been blown into the tissues. They are full of nooks 
and crannies containing dirt, and eect one has to 
be opened and excised. 


When dealing with dirty wounds I ineimate gently 
with aqueous flavine solution which washes away 
‘ most of the dirt — although care must be taken. not 
to push it more deeply into the tissues. 


A good light is essential, preferably a spot light, 
and after removing the F.B. carefully inspect the 
bed in which it was lying, for nearly always pieces 
of clothing will have been taken in as well. 


Sometimes the track does not end here but leads 
to another F.B. lying more deeply. 


The size of the entry wounds may be misleading 
and bear no relationship to the amount of underlying 
muscle damage or to the size of the F.B. It is impos- 
sible to assess the amount of muscle damage from 
the external appearance of the wound. The elasticity 
of the skin must be responsible for the fact that 
I have on occasions removed an F.B. of twice the 
diameter of the entry wound through which it has 
passed. 

The aim of the surgeon is to produce as aseptic 
a wound as possible, to allow room for the muscle 
to swell, and to provide adequate drainage. Serum 
and blood are going to ooze from the surface of the 
wound during the subsequent 2 or 3 days depending 
upon how successful you have been in producing 
hemostasis. I tie off all bleeding points with thread 
for I find it easier to work with than catgut, and 
so far as I know it has not given any trouble subse- 
quently. 

Divided tendons or 
alone. 

The well excised wound should allow any small 
collection of fluid to drain out of .it while patient 
is lying on a stretcher or in bed. 


nerves I leave completely 


superior 


' responded well to resuscitation. 


This is most difficult to obtain on the anterior 
aspect of the thigh. When the limb is elevated blood 
and serum collect in the upper part of the wound 
from where it is impossible to drain. I usually make 
a counter incision on either the medial or lateral 
side of the thigh, which ever is nearer to the track, 
and open up the deeper part of the wound through 
this incision. How long it keeps open I do _ not 
know. I did consider putting a rubber drain through 
in certain cases but so far have not had the courage 
to do this. 


Most buttock wounds require an X-ray examina- 
tion of the abdomen, rectal examination and the 
collection of a specimen of urine. I frequently open 
up the track completely for a through and through 
wound of the buttock when this does not entail divid- 
ing thick muscle. I think this is a wise procedure 
because the amount of muscular damage to the glutei 
lying between small entry and exit wounds has 
surprised me and this is impossible to excise without 
opening the whole track. 


Dirt and clothing hide themselves away between 
the coarse muscle fibres and cannot be seen without 
an adequate exposure. It also enables you to see 
injuries to the superior and inferior gluteal vessels 
which are not uncommon, and torn arteries may be 
pulsating but not bleeding at the time of excision. 


I have never yet performed a colostomy for wounds 
near the anal margin but have evacuted such a case 
to a centre where delayed primary suture could be 
performed as soon as possible. 


While excising entry wounds of the buttock you 
may find the track going through-the iliac bone 
and if you have previously decided that it was 
probably not a penetrating abdominal injury access 
to the pelvis can be obtained through an oblique 
incision about two inches medial to the anterior 
iliac spine. It is an_ extraperitoneal 
approach and few muscle fibres need to be divided 
but it enables you to follow the track after it has 
entered the pelvis — giving you an excellent view 
of the contents and of the internal iliac vessels if 
they require ligation. 


Hands and Feet 


Injuries of the hands and feet require the minimum 
amount of surgery and only enough need be done 
to produce a clean wound; but protruding sharp 
ends of metacarpals or phalanges should be trimmed 
so that they are smooth and- easily covered with 
skin. 


Remember that the thumb is the most important 
digit and preserve as much of it as possible. 

I never suture divided tendons or put in any skin 
sutures. A difficult skin flap I would try to hold in 
position by the dressings alone. 


Amputations 


_ Apart from traumatic amputations the two main 
indications for performing a primary amputation 
are to save the patient’s life and to remove a useless 
limb. 


When a patient is admitted to the theatre with 
only limb injuries — a clue to the possibility that 
he may require amputation is a message from the 
field transfusion officer stating that he has not 
With limb injuries, 
after hemorrhage has been controlled, this failure 
of response may be due either to gross trauma pulp- 
ing muscle or to gas gangrene, 
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If in spite of resuscitation he is going downhill I 
put on a tourniquet just above the wound excluding 
the damaged tissues from the rest of the body. Such 
a case has improved sufficiently to perform ampu- 
tation proximal to the tourniquet, and after the 
operation when I have examined the limb there has 
always been a great deal of muscle damage or evi- 
dence of anzrobic infection. 


Unless it is unayoidable I would never amputate 
an arm at the first operation. The main deciding 
factor being the amount of damage to the brachial 
nerve plexus. Even if there has been extensive 
damage to an arm I would try to patch it up and 
give it a chance, for it can be amputated later. 


The patient may stand your fixing up his arm 
but if he has a Jeg injury as well he may not stand 
a second lengthy excision. The loss of a leg does 
not matter so much. I usually leave leg injuries to 
the last so that if his general condition has already 
been exhausted while you have been dealing with 
an associated abdominal, chest or arm injury you 
can either amputate, or excise the leg wound, 
whichever produces the less trauma. A through knee 
amputation is the quickest and least traumatic one 
to perform. P 

After excising a wound, penicillin. powder is 
applied commencing in the deepest part;.-— muscles 
_and tendons need to be retracted to ensure that the 
powder reaches all over the wound. Then put on 


either one layer of vaseline gauze followed by dry 
gauze, or dry gauze alone. These must never be 
allowed to encircle the limb and if there are:wounds 
on each side care must be taken fo leave gaps 
between the gauze dressings. Wool can then be 
wrapped round from a roll, followed by a plaster 
cast. Nothing under the plaster must encircle the 
limb other than cotton wool. 


The two best weapons for fixation are plaster of 
Paris and the Thomas splint. The only time I use 
Cramer’s wire is in the form of an arch over the 
hand or foot to prevent the pressure of blankets. 


For muscle wounds of the forearm I apply either 
a thin plaster cast or a P.O.P. slab which fixes the 
wrist in dorsiflexion. 

Muscle wounds of the arm and shoulder — ban- 
dage arm to the chest with 2 flannelette bandages 
and. a few plaster bandages over them to keep them 
in position. 


Muscle wounds of the leg — I put on a below 
knee P.O.P. 
Muscle wounds of the thigh — Thomas splint, but 


if they are associated with a large buttock wound, 
1 cut off the ring from a Thomas’ splint, attach the 
two lateral bars to a plaster shell for him to sit in. 
His limb rests on the remains of the Thomas’ splint 
and both buitocks fit into the plaster shell which is 
fixed round his pelvis with a many-tail binder. 
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DELAYED PRIMARY SUTURE OF FLESH WOUNDS 


Lt. Col. C. J. B. MURRAY, RAMC 


The problem of treating flesh wounds at the base 

hospital level really resolves itself into two things :— 

(1) Getting the wound closed as 
possible, 


soon as 


and 
(2) Preventing wounds, which arrive clean, 
from becoming infected before this can be 
done. 


All wounds however small or apparently unimpor- 
tant should be sutured if this is mechanically possi- 
ble, as the end result in a successfully sutured 
wound is incomparably better than in one which 
has been allowed to heal by granulation. A linear 
non-adherent scar is produced, fibrous tissue for- 
mation is reduced to the minimum and ward dress- 
ings and chronic sepsis almost eliminated. The 
period of hospitalisation is reduced by 50%-60%, 
and the chances of a man returning to category A 
duties very much better. 


The Results of the operation are good and in a 
series of 729 wounds sutured in my division by five 
different surgeons have been as follows:— 


, | Total Wounds | Successful Failed. 
Method Sutured | (100 % — 90%) | (90% —0%) 
Suture and Penicillin. | 500 Re 42 
Bab Wg OA SER eee NE Ma 1G ee WA 
Suture and Proflavine | 229 174 55 
pia (75 % 
Totals 720 oo ae 97 


: 


These were flesh wounds uncomplicated by major 
compound fractures. In assessing the results, 100% 
healing has been taken to indicate a completely dry 
healed wound when the stitches were removed. 
Cases where the wound, although healed by the 12th 
day have shown some _ inflammatory reaction, 
moistness and infection round the stitches have 
been classified as 90%. 


There was one death in the series. This occurred 
in a German P.O.W. who had been successfully 
treated for gas gangrene. There was a large clean 
wound on the opposite thigh which was sutured over 
penicillin powder. Two days later he developed a 
fulminating B. Welchii infection and died. In spite 
of a negative swab before operation the infection 
had obviously been present in the wound and had 
been ‘stirred up by the operation. 


Routine Adopted 


The routine we have adopted has been to leave 
all cases for 24 hours after admission with the 
dressings undisturbed, unless there is some special 
indication for immediate interference. 


The case is then prepared for anesthesia and taken 
to the theatre where the dressings are removed and 
the wounds inspected and if considered suitable are 
sutured then and there. 


I personally believe that the best time to perform 
delayed primary suture is between the fourth and 
sixth day. By that time the initial reaction in the 


: 
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wound has settled down and at the same time the 
edges have not become fixed and granulation tissue 
has not started to form. 


In this series of cases the decision that a wound 
was suitable for immediate: suture was made on 
clinical rather than bacteriological grounds. 


In the penicillin series, operation was postponed 
in 87 wounds (18%) which showed marked inflam- 
mation and oedema of the skin edges, gross infection, 
or which had deep infected pockets or tracks. In 
these cases the wounds were explored and any F.Bs. 
(particularly pieces of cloth) in the immediate vici- 
nity of the wound removed, and if necessary efficient 
drainage established, and the wound dressed with 
penicillin powder and “tulle gras.” This dressing is 
left for 48 hours after.which the wound is once again 
reviewed in the theatre and if necessary again 
dressed in the same way. 

In cases with deep pockets or tracks, penicillin 
tubes inserted into the depths of the wound have 
been used instead of powder and twice daily instilla- 
tions given in the usual way, for three days, at the 
end of which time the wounds have been sutured 
with the penicillin tubes still in situ and _ instilla- 
tions continued for a further five days. 


The Operation 


The actual operative technique has varied in these 
cases depending on whether the case has been one 
of delayed primary or secondary suture, 


In delayed primary suture the qwound edges are 
first freed and re-excised together with any devita- 
“Tised_fat, and the wound then carefully examined 
for deep tracks or pockets with a view to deciding 
whether to employ the penicillin in powder form 
or as an installation through one or more tubes. If 
tracks or pockets are present or if any dead space 
is likely to be left after suture, tubes should be used 
and these should invariably be brought out through 
separate stab incision at least two inches from the 
wound margin. 


An estimate of the degree of tension required to 
approximate the wound edges is now made, and 
the edges undercut or a flap swung to reduce this 
to the minimum. A certain amount of tension seems 
inevitable in the majority of cases but provided it 
is not excessive does not seem to interfere with 
healing. 

Complete hemostasis is I think of fundamental 
importance, and in this connection I think that the 
-bogy of leaving a few fine catgut ligatures in these 
wounds is greatly overrated and seems to me prefe- 
rable to a hematoma which is usually disastrous. 


All parts of the wound are now thorougly dusted 
with penicillin powder, which is then gently rubbed 
round with the finger, and the skin closed with 
fairly closely set Eversion stitches. 

A dry dressing held in place, with firm pressure, 
by elastoplast or a crepe bandage completes the 
operation, 

Immobilization in plaster has not been used as a 
routine. 


In secondary suture — the operation is virtually 
the same, except that the whole wound including 
granulation tissue and any_underlying fibrous tissue 
is re-excised. ee 

is type constituted 12% of the whole. series and 
of these 73% were successful. 


Post-operative Treatment 


As far as possible these cases should be segregated 
in special wards and not nursed alongside patients 
with open wounds. Apart from this the treatment is 
simple, the patient merely being confined to bed 
and the dressing left undisturbed until the fifth day 
when the wound is inspected once again in the 
theatre, and any excessively tight or moist stitches 
removed. 


I think this is an important point and by removy- 
ing a few offending stitches at this juncture a wound 
which would otherwise break down can be saved. 
The dressing is then left undisturbed until the 10th— 
or 12th day when the sutures are removed, and 
exercises commenced the day after. The patient is 
normally allowed up on the 13th or 14th day, and 
in straightforward cases should be fit for transfer 
to the convalescent depot seven to ten days later. 


Cases with Excessive Skin Loss 


There will always be a number of cases in which 
complete suture is not possible owing to excessive 
loss of skin. In practice the number has proved to 
be much smaller than was expected. 


These cases have been dealt with by partial suture 
followed by skin grafting about 14 days later. 


Bacteriostatics 


There now seems to be no doubt whatever that 
penicillin is the bacteriostatic of choice, and this 
is now used as a routine on every case, either as the 
powder in a strength of 1000 units to the gram or 
by instillation in the strength of 500 units to the 
ce — 3 to 5 cc’s being instilled into each tube twice * 
daily for 5-8 days. 

In this: series, 229 wounds were sutured over 1% 
proflavine and sulphanilamide powder. The results 
were disappointing compare@ with the penicillin 
series 75% only being successful, this figure being 
comparable with published results in cases sutured 
over sulphanilamide powder alone. 


To Summarise 

The success of.delayed primary suture depends 
on the prevention of infection, and this. is best 
achieved by:——rr"" 

(1) Early and adequate forward surgery. 

(2) Non-interference with dressing between the 
forward operating theatre and -the base 
hospital theatre. 

Early closure of the wound using penicillin. 
and 

Elimination of post-operative ward dress- 

ings. 

In Conclusion one would like to pay tribute to 
the very high standard of work maintained by the 
forward surgeons. The credit for the success of the 
“two stage operation ” is really theirs. 


(3) 
(4) 


Brigadier Edwards: 


I would like to add my tribute to the work of the 
forward surgeons. In late 1917 to 18 a great deal 
of delayed primary. suture was being done, and here 
we are back, in what we hope to be the closing 
phases of this war, treating wounds in the same 
way. I would like also to pay*tribute to the admini- 
strative authorities who have done their utmost to 
make evacuation as smooth as they possibly could 
to avoid delay between the forward surgeon and 
the base. 
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PROCEEDINGS OF THE CONGRESS OF 


CMF ARMY SURGEONS 


SYNOPSIS OF THE RESULTS OF TREATMENT OF 288 CASES OF 


OPEN FRACTURE OF THE FEMORAL SHAFT. 
Feb. 1944 to Jan. 1945 


by 


Major R. FURLONG, RAMC 


A year ago the 17th Orthopedic Centre began to 
admit a large number of patients with fractures of 
the femur and at that time adequate supplies of 
penicillin became available so an investigation of 
the results of treatment was begun. An interim report 
was made in May 1944 and a synopsis of the final 
report is incorporated in the accompanying table. 

An unbiased and judicial enquiry has been 
carried out with a view to assessing the results 
obtained by different methods of treatment of the 
soft part injury. The investigation was concerned 
with the evaluation of the results obtained by various 
surgical procedures and not only to determine the 
value of penicillin, as such, in the treatment of this 
group of patients. 

The patients in this series have been selected on 
the following criteria. The patient must have an 
open fracture of the femur, a small number of non- 
battle causalties have been included, and the site 
of the fracture is between the supracondylar level 
and the trochanteric region, All such patients admit- 
ted during the year under review have been inclu- 
ded. Certain terms used in the table require 
explanation. ; 


Definitions ) 

HEALED. By this is*meant complete epithelializa- 
tion of a wound whether it has been previously 
sutured or not. 

Bone SHUT OFF. This represents an ulcer of any 
size from a large granulating area to a small moisture 
of a wound. By all clinical tests available this area 
is shut off from bone and is, in fact, not a sinus. It 
is realised that sometimes it is difficult to be sure 
that such an ulcer does not commuincate with bone 
and if doubt exists it has been assumed that a sinus 
is present. 

Sumps. This is a collection of pus in the thigh 
usually between the muscles. Some drainage may 
exist but usually this is inadequate. Such an abscess 
is always in relation to the fracture site though it 
may have tracked some distance up the thigh. 


The Control Series 

In this table the significant figures are in the 
“bone shut off” column both at the eight and 
twelve week period. It will be seen that there is 
little improvement in the chronic sepsis rate be- 
tween the eight and twelve weeks. Slight improve- 
men is only to be expected, however. 


Control Series of 70 Cases 
Treated Without Penicillin 


NO CLOSURE 


8 WEEKS’ REVIEW — 58 CASES 


Peale tong Wet okG oes MRK te eo 10% 
Bone shut Oech 4, see 38 65 % 
UMS Satis sas ee «+. 8 8.6 % 


12 wEEks’ REVIEW — 58 CASES 
FICAIOD ti je" ss, ee 8 14%, 
Bone: shat Of ve ae 39 7% 
Sct Pee Sr een SP ET 8.6 % 
CONTROL SERIES — 70) CASES 
Mortality: Rate... 0. sco ee 8.5% 
, Amputation, Rate.-.... 3.3 nse 8 8.5 % 
Secondary Hemmorhage Rate . 2 Pe oS 


This series of patients was treated by limited 
secondary trimming, if necessary, but there was 
no suture of the wound. The initial dressing applied 
in the theatre was left undisturbed as long. as pos- 
sible but it was changed if necessary. That is to 
say if a dressing was soaked with pus it was 
changed with the usual precautions available in a 
ward. The mortality rate and amputation rate are 
of signficance when compared with those of the 
penicillin series. It is thought that the figures for 
the control series represent the average results of 
treatment when patients receive no penicillin and 
are received in a base hospital up to ten days from 
wounding. These figures formed a base line to be 
improved upon. 


The Penicillin Series 

All patients in this series were treated with intra- 
muscular penicillin from the time of their defini- 
tive surgery. On an average this was done at seven 
days from wounding and the average course of 
penicillin given was 750,000 Units. If necessary, a 
limited trimming of the wound was done at the 
time of setting up of the fracture and then the 
wound was treated by one of three methods depend- 
ing on the type of wound, the amount of skin 
loss, ete. 


Series of 218 Cases Treated With Penicillin 


_ PARTIAL CLOSURE — 103 CASES 


8 VEFKS’ REVIEW — 94 CASES 


Pe alegiey:... af aueaanes 13 4% 
Boneshint off). Lewis woe 56% 
DUIpE. sy) seer 11 12%, 

12 WEEKS’ REVIEW — 92 CASES oe? 
enlGdie nos, <.n4 eee meee 24 26% 
Bone shut off. .. . ge 56 60 % 
SUMIPO ros. 2... 6 ea eee ee 2% 

DRAINAGE — 65 CASES : 

8 WEEKS’ REVIEW — 68 CASES 
HMealed ose +e ea eek Gee 23:°%, 
Bone shutcoke ves. eee se 44 70% 
Put a Se Beane 1 — 
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12 WEEKS’ REVIEW — 63 CASES 


RIUM ae Wie oe 8c fe a 31 49 %, 
Bee Oth Qs ood Sa. Sas 49 78 % 
Sumps.....-+-+-++-- 1 — 


COMPLETE SUTURE — 45 CASES 


8 WEEKS’ REVIEW — 38 CASES 


CS Se ee oe re ee 53 % 
Pee GUE OR. gs oe eS 33 87% 
RE ees 5 ae os es or ae — 


12 WEEKS’ REVIEW — 36 CASES 
ORNs ni g's Oe cs es 64 % 


Bone shut off. .-........ 81 86 % 
Ren ee a. OS a gene — 
PENICILLIN Series — 218 Cases 
WEStREY es 6S 62g se 8 Bs eA 
Amputation Rate. .... we S 3.7% 
Secondary Hemmorhage Rate . 8 ee 


PARTIAL CxLosuRE. Initially a partial wound closure 
was performed, that is, the ends of the wounds were 
sutured to support granulations but a large central 
area was left open to allow of drainage, though no 
fresh communication with the interior of the wound 
was made. As a routine practice the dressings that 
were applied in the theatre were not disturbed for 
three weeks. 


It will be seen that the results for “ bone shut off ii 
at eight and twelve weeks showed a deterioration 
from those patients treated without penicillin. It is 
thought that the poor results were because penicil- 
lin merely suppressed pyogenic organisms whilst 
it was being given, usually for six days, and after 
that time pathogens, particularly staphylococcus 
aureus, once more flourished in the wound which 
was continually being re-infected from the dressing. 
The wound was, in fact being poulticed with staphy- 
lococci. To overcome this efforts at drainage of the 
depths of the wound were made in order to liberate 
the products of inflammation. 


DRAINAGE. In this series of patients the wounds 
were trimmed if necessary and then sutured com- 
pletely with a large bore rubber tube _ inserted 
posteriorly to the fracture site through an original 
wound if present or a separate stab wound if neces- 
sary. The fracture was set up in the same manner 
and the rubber tube drained either into dressings 
or into a porringer in the bed. The tube was re- 
moved on the fifth day. 

It will be seen that the eight and twelve week 
results were improved. By partial closure 56% of 
patients had “ bone shut off ” at eight weeks, whereas 
when a drain was used 70% had “ bone shut off.” 
The same type of improvement is present at twelve 
weeks for whereas by partial closure 60% had 
“bone shut off,” by drainage 78% were in a similar 
state. The improvement obtained by drainage was 
not considered sufficient and it was felt that the 
best way to prevent chronic bone infection was to 
convert the open fracture into a closed one by 
complete skin suture at the earliest possible moment. 

Obviously careful selection of cases for this 
method had to be made if sumps were to be pre- 
vented. Therefore, at first, complete suture was only 


performed in those patients with muscle damage — 


no greater than that caused by a bullet. Later more 
severely injured thighs were sewn up provided 
“tentage”’ could be avoided. 


COMPLETE SuTuRE. In this series all wounds com- 
pletely sutured without local drainage. Not all of 
the wounds remained dry but in those that broke 
down usually only an ulcer was formed and not a 
sinus. It will be seen that at eight weeks 87% of 
these cases had “ bone shut off ” and at twelve weeks 
the percentage was the same. There was no greater 
incidence of sumps in patients treated by this 
method, probably due to careful selection. . 


It is thought that there is a place in the treatment 
of open fractures of the femur for all three methods. 
There are some patients in whom only a partial 
closure is possible because of great skin loss. 
Equally, drainage is appropriate in some cases when 
the skin can be sutured but where there has been 
muscle loss leading to the formation of a potential 
sump. And finally complete suture is desirable in 
all patients with sufficient skin to suture and in 
those whose muscle damage is moderate and not 
sufficient to disturb normal anatomy. 


Analysis of the Results of the 
Last 148 Cases — Penicillin Series 


8 WEEKS’ REVIEW — 134 CASES 
Hegled: 23h Oa aie 37 % 
Bone shut off... ..... 100 75 % 
Stays = re Se See 5 3.7% 

12 wEEKS’ REVIEW — 130 CAsEs 
Healed. 0825: 6 7et5)- oh Bigs Fir ace 48 %, 
Hone shut of ss 5. ane. 04 80% 
Sumps ep BERT A 1 — 

METHODS OF TREATMENT 
Paral: Autore «sk vce sas Sosa 36 % 
Drainage... 35. Sh ec ae RE 0 3 41" 
Complete Suture 53-2. 2 88 22%, 


An analysis of the results of the last 148 cases 
who were treated by-all three methods show that 
at eight weeks 75% of patients have “ bone shut off ” 
and that at twelve weeks 80% of patients have 
“bone shut off.”’ These figures should be contrasted 
to those obtained in patients treated without peni- 
cillin, and it will be noted that the improvement 
in the results is from 65% at eight weeks, without 
penicillin, to 75% in those patients treated with 
penicillin. At twelve weeks the improvement is from 
67% to 80%. 


The improvement in the mortality and amputa- 
tion rate in the penicillin series is marked and 
significant. In the last series of 148 cases the three 
methods of treatment were used in the following 
proportion :— 


Partial suture ... ae ae 36% 
Drainage rae ee 41% 


Complete suture 22% 


It is thought that the proportion of wounds com- 
pletely sutured will increase at the expense of the 
other two methods as further experience is gained 
in the selection of suitable wounds. But it is felt 
that even when it is possible complete suture may 
not always be desirable. The production of a sump 
is a risk that will be increased if complete suture 
is done indiscriminately. 
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Throughout the investigation the assessment of 
the result has been based on whether the bone has 
been shut off rather than whether the skin has 
been soundly healed. Clearly it is desirable to have 
the skin soundly healed but, by definition the 
patients in the “bone shut off” class can readily 
be transferred to the healed class by skin grafting. 
The reason why re-surfacing has not been done 
earlier in the treatment is that objection is taken 
to moving the patient to the theatre during the 
course of treatment and thereby jeopardising the 
position of the fragments and the alignment of the 
fracture. 


Conclusions 
(1) It would seem that the value of penicillin 
in the treatment of this group of patients 
is established. 
(2) The best results 
complete wound 
definitive surgery. 
(3) There is a place for all three methods of 
treatment in this group of patients. 
(4) .The proportion of patients in whom com- 
plete suture is advisable is not known. 
(5) The selection of patients for complete 
suture is difficult. 


obtained by 
the time of 


have been 
suture at 


WAR WOUNDS INVOLVING THE Soe 


Major BARBARA STIMSON, RAMC 


Delayed primary suture of war wounds with 
underlying femoral fractures is no longer an experi- 
ment. Satisfactory results have been reported from 
many centres and the patient with chronic sepsis, 
with draining, dirty wounds and osteomyelitis, has 
become a rarity. The time has come, I think, to 
discuss details and variations in technique and the 
reason for failure in those cases in which complete 
healing was not obtained. 


The 16th Orthopedic Centre had its first oppor- 
tunity in May, 1944, at the time of the Cassino battle, 
of dealing with early wounds of the thigh involving 
the femur. Various methods were tried and there 
was much discussion with our general surgical col- 
leagues. By trial and error we evolved a simple 
procedure which we had the occasion to put into 
effect during the months of October, November, and 
December. 

The following table shows a comparison of the 
sarlier period with the later: 


Compound Fractures of Femur 


| 


Total ‘sutured | Healed| Sinus | Gran 
Cases | Area 
70 Gen Hosp. May-July Pn Ge, Bea Pe eae ole .. 
80% 20% 
46°) 43% 38 4 —_ 
104 Gen Hosp. Oct.-Dec, | \ teense 
91% 9% 
1 ao ee 69 8 4 
Total | poner 
86 % 14% 
| \ 


«1 death from hemorrhage 4 days after suture 
TN, RL LT LL TL LR Se 


In the first group intramuscular. penicillin was 
used almost routinely, in 37 out of 39 cases. In the 


‘second it was used only where the condition of the 


patient and the wounds appeared to require it, in 
7 out of 43 cases. Rubber drains were used in 8 
cases in the early series. No drains were used in 
the Jatter series. Penicillin tubes for local instilla- 
tion of sodium penicillin were employed 8 times 
in May, June, and July, 10 times from October 
through December. 


The details of the procedure employed in the 
recent months are as follows. There is nothing new 
or original about them. On admission blood was 
given in almost every case and hematocrit determi- 
nation made. The day after admission the patient 
was sent to the operating theatre via the X-ray 
department so that the wet films were available at 
the time of operation with the minimum moving 
of the patient. In the theatre, under pentothal anzs- 
thesia, the tobruk was removed, the extremity 
thoroughly washed and shaved; the wounds were 
then inspected, carefully cleansed and all clots re- 
moved. Swabs wet with saline were found most 
efficacious for this purpose, Available F.Bs. were 
removed, the skin edges were then carefully separa- 
ted by ‘blunt dissection, the wound dried and 
calcium penicillin, sulphanilamide powder insuf- 
flated. If there was a tract of any length or if the 
wound was dirty, a penicillin tube was used. The 
skin ‘was then sutured with large vertical mattress 
tension sutures and the edges approximated as care- 
fully as possible with close interrupted sutures. 
It was found that moisture proof suture material, 
like nylon, gave the best results. Skin traction was 
then applied to the leg and fastened in the usual way 
to a Thomas Splint. Subsequently more blood was 
given as needed. On the fifth day following suture 
the patient was brought to the operating theatre 
for inspection.of wounds. At this time penicillin 
tubes, if used, were removed; further approxima- 
tion of skin performed, if necessary, and any cut- 


ting suture taken out. On the tenth day the patient 


was again taken to the theatre, this time via the 
X-ray department, the sutures were then removed 
and definitive treatment decided upon — skeletal 
traction, the use of the Australian or Hamilton 
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Russell type of traction, etc. In some cases, of 
course, a pin had to be inserted earlier if wounds 
of the leg prevented the use of skin traction. No 
wounds were inspected on the wards. Certain cases 
had some separation of the skin edges if there had 
been much loss of skin, and there was usually a 
granulating area at the site of a penicillin tube but 
these small areas were in most instances completely 
epithelialised in 4-6 weeks. Small Thiersch grafts 
were used if the areas seemed of sufficient size to 
warrant. : 


This sounds simple. Why did four cases of the 
series fail to heal? A brief analysis of the four may 
be of interest. The first was wounded by a shell 
24/10/44. There was a delay in evacuation and 
he did not reach the operating theatre until 8/11/44, 
a 15-day lapse. There was a 7-inch clean lateral 
thigh wound and a 12-inch gaping wound on the 
medial side of thigh and knee with loss of muscle 
and the entire medial femoral condyle. This wound 
was dirty. The lateral wound sutured, The medial 
wound was sutured after two penicillin tubes had 
been inserted into the cavity. The patient was given 
500,000 units of penicillin intramuscularly. His 
general condition improved steadily and his lateral 
wound healed. He had however a persistent sinus 
in the medial wound leading to bone. The remain- 
der of the medial wound healed and stayed healed. 
He has been evacuated in excellent general con- 
dition, but with a persistent sinus. I don’t know 
what else we could have done with him. 


Case No. 2 was injured by a bullet on 12/10/44, 
there was a ten-day lapse before he reached us, 
There was a seven-inch anterior wound and a nine- 
inch posterior wound with multiple foreign bodies 
in and around a comminuted fracture of the upper 
third of the femur. The anterior wound was sutured 
and two penicillin tubes inserted into the posterior 
with suture. He received intra-muscular penicillin. 
The anterior wound healed. The posterior wound 
has a small sinus to bone. There are many foreign 
bodies still in situ, and I wonder if we should not 
have spent more time trying to remove them before 
suture. His general condition is excellent. 


Case No. 3 was wounded by a grenade 15/10/44 
but was not picked up for two days. He came down 
to us rapidly and was sutured seven days after 
wounding. He had a ten-inch posterior lateral and 
a three-inch popliteal wound both of which were 
sutured. The popliteal wound healed but there is a 
persistent sinus to bone in thé posterior lateral 
wound with occasional pocketing. Culture of the 
pus reveals B. coli proteous and diphtheroids. In 
view of the two-day lag before reaching an F.S.U. 
we might have been wiser to use penicillin tubes 
in the case. 

Case No. 4. I have no apologies. He was wounded 
by a grenade 17/10/44, the fragment entering the 
lateral aspect of the thigh, shattering the upper 
third of the femur, passing on to rupture his urethra. 
Twenty-three hours later the wounds were de- 
brided and a suprapubic cystotomy performed with 


multiple drainage wounds. He reached us 16 days 
later with a nearly healed suprapubic wound. (He 
had pulled out his catheter some days before) and 
two large clean through and through wounds of 
the thigh. These were sutured. Five days later it 
was found that pus and urine were coming from 
a small opening at the base of the scrotum, about 
an inch above the medial thigh wound at the site 
of a previous drainage wound. A huge abscess 
cavity was found to extend outward behind the 
femur and inward to the base of penis. A drainage 
wound was made in the buttock and Major Benison 
opened the suprapubic cystotomy wound to re- 
insert the catheter. His general condition was ex- 
tremely poor but gradually improved, drainage 
diminished and 20 days later he passed urine per 
urethra. His condition now is excellent but there 
is still a sinus traet leading to bone. Urine is evi- 
caren good ‘for bone healing for his fracture has 
united. 


So much for the four failures. There is one 
further case I wish to present as a late complication 
of a thigh wound. This man was injured by a shell, 
1/9/44, and received flesh wounds of the right 
buttock and thigh. Eight days later all wounds 
were closed after removal of the foreign body. Two 
penicillin tubes were inserted. His wounds healed 
fairly well, but three weeks after admission he com- 
plained of left loin pain and various renal investi- 
gations were done showing the presence of a left 
hydro-nephrosis. He was at this time up and about 
the ward. On the 8th October, one month after - 
wound suture, he slipped on the ward floor, heard 
something crack in his thigh and fell. The X-rays 
are as shown, at this time all wounds were healed. 
He was transferred to the Orthopedic Ward and 
placed in skin traction. 


Three days later he became pyrexial, his thigh 
was markedly swollen and acutely painful. Six 
days after his closed fracture had occurred an 
abscess appeared posteriorly which when opened 
and explored led directly to the fracture site. His 
condition did not improve in spite of adequate 
drainage, penicillin and sulphonamides, and finally 
amputation was performed. The pathologists have 
spent hours over the sections and finally report 
* acute inflammation.” His general condition is now 
excellent. Did he fracture his femur through an 
area of osteomyelitis caused by the foreign body, 
although there is no evidence of fracture in the 
original X-rays? Is this a unique case or must we 
watch for similar unsuspected catastrophies? 


There is just one thing I would like to emphasise 
in conclusion. The results shown are not the work 
of one individual. They have been obtained by the 
co-ordinated team work of all the members of the 
16th Orthopedic Centre, helped and encouraged 
by the Officers in charge of the Surgical Divisions 
to which the Centre has been attached, and by the 
sympathetic co-operation of the Commanding 
Officers. The treatment of the patient with a com- 
pound fracture of the femur must be a “ combined 
operation.” 
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Lt.-Col. R. W. HENDRY, RAMC 


The success of the two stage method of treatment 
of soft tissue wounds when use is made of modern 
bacteriostatics is now established. As has _ been 
shown, some 80% will be healed in 12-14 days if 
certain principles are strictly followed. These are: — 
(1) early excision combined with local introduction 
of bacteriostatic, (2) non-interference in_ transit, 
and (3) suture in 7-10 days using penicillin in some 
form. Extension of the two stage procedure to the 
treatment of open fractures follows naturally since 
these are but soft tissue wounds complicated by 
bony damage. In this paper I shall show the results 
of 184 battle casualty open fractures from the Gothic 
Line battle (Sept.-Nov.) treated by this principle 
in No. 93 (Br) General Hospital. I think that I can 
best do this by describing the type of case, and by 
stating the aims and principles of the line of treat- 
ment adopted. I shall mention the technique and 
briefly discuss the results. 


The cases were admitted to us having been evacu- 
ated by air and sea convoy. All road accidents 
have been excluded. No selection of cases was made. 
I repeat this as I think it is important—the cases 
were consecutive as they came from the convoys. 
Fractures of the femur treated in the special centre 
are not included. Treatment of the wound was uni- 
form and a standard routine was followed regarding 
both method of application and dosage of the 
penicillin. 


Aids of Treatment 

Our aim was to close all compound fractures as 
soon as possible ~with the aid of penicillin. These 
would then become simple fractures and should 
unite within the normal time limit of each particu- 
lar bone. By taking a consecutive series we hoped 
to determine what percentage of cases could not 
be sutured either because of a skin defect or be- 
cause of infection. 


Principle of Treatment 

Extensive experience in the use of penicillin for 
the closure of soft tissue wounds convinced us that 
to obtain the best results it was essential to main- 
tain a high concentration of the bacteriostatic 
locally throughout the entire wound for a certain 
period. 

Major Scott Thomson, in his survey of 1,000 
wounds, states that, while 20% of strains of 
staphylococcus aureus can fully resist the concen- 
tration of penicillin produced by parenteral therapy, 
many of those strains could be influenced by the 
increased concentration that local therapy might 
provide.. We belived that local administration was 
the logical mode of attack. When a missile passes 
through the soft tissues and fractures a bone, the 
wound contains blood-clot, bone chips, devitalized 
tissue, foreign bodies and infecting organisms—the 
so called “ hematoma.” To remove this completely 
necessitates a “ wound excision” too radical to be 
justifiable. One must assume therefore, that all battle 
casualty fractures are infected, In the early stages 
the infection is limited to the “ haematoma.” The 
need for the bacteriostatic is then local, but to com- 


‘approximated with 


bat or rule out later spread of infection to the sur- 
rounding tissues, a short parenteral course is 
indicated. 

Our method therefore was to instil sodium peni- 
cillin solution into the depths of the wound by 
means of tubes. The introduction of tubes to the 
fracture site may well be criticised as a potential 
source of infection itself during the period of instil- 
lation of the solution, There is also the risk that 
the tubes may leave sinuses after their withdrawal. 
Experience of their use in soft tissue wounds how- 
ever, led us to discount these dangers, and this 
confidence has been justified. 


Technique of Treatment 

Very briefly, the technique employed was to take 
the fractures to the theatre within 24 hours of ar- 
rival. On an average this was on the sixth day 
after wounding. The plaster was removed, a wound 
swab taken, and the wound area shaved and pre- 
pared in the usual way. A finger was then gently 
inserted into the wound to determine the extent of 
the injury, and to ensure that no loculations of 
exudate were present. It was seldom that any other 
procedure was necessary. If any foreign body was 
easily accessible it was removed provided that no 
long search was entailed. All foreign bodies at the 
fracture site were removed. This is a factor of 
great importance. The penicillin tube was then intro- 
duced through a stab incision—about half-inch from 
the wound edge and guided to the fracture site— 
one to three tubes were used depending on the size 
of the wound, The technique then varied depending 
on whether or not complete suture was _ possible. 
Where complete closure could be performed, suture 
was proceeded with. No sutures were used for the 
muscular or fascial layers. The skin alone was 
interrupted = stitches of — silk- 
worm gut about one-third inch apart. Much care 
was taken to ensure edge to edge apposition and to 
sea] the wound. We did not hesitate to undercut 
freely when required, but in the early cases, we 
did not attempt skin-slides or skin-grafting at the 
time of suture. Many of the wounds closed were 
mildly infected. We made every effort to obtain 
complete closure in as many cases as possible, and 
this in some cases led to a fair degree of tension 
in the wound. This tension, provided it is not ex- 
cessive, is not harmful where there is a good muscu- 
lar layer between the skin and the bone. Where, 
as for instance in tibial fractures with wounds 
along the sub-cutaneous surface there is not this 
muscular layer, tension is inadmissible. Failure 
will be the result every time. 

Complete closure was not always practicable. In 
some cases skin loss was too extensive. In these 
cases the wounds were partially sutured. We aimed 
to reduce the wound area to a minimum, and do a 
skin-graft or complete suture later. Finally, in a few 
cases of extreme skin loss or established infection, 
even partial suture was impossible. On completion 
of the suture a padded plaster case was applied 
leaving a small hole for each tube. The first injection 
of penicillin was made before leaving the theatre. 
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After Treatment 

Three ces of a sodium penicillin solution (500 
units per cc) were injected twice daily into each 
tube for five days (i.e. total 15,000 units per tube). 
Before injecting the solution aspiration through the 
tube of any collection of fluid exudate or pus was 
performed. Full aseptic precautions were observed. 
At the end of five days the tube was eased out of 
the plaster and the opening in. the plaster covered 
by a dressing. Each case also received 300,000 units 
sodium penicillin parenterally by intramuscular 
injection (20,000 units every three hours). This 
course commenced on the day of operation. 

A check X-ray of the fracture was always taken. 

On the 14th day the wounds were re-examined in 
the theatre, and the stitches removed. If the fracture 
was not yet closed a wound-swab was again taken 
for bacteriological examination. In those cases where 
only partial suture had been carried out, it was 
sometimes possible to complete the closure either 
by suture or by skin-graft. A fresh plaster cast was 
then applied and a check X-ray again made. 

No further inspection of the wound took place until 
the 6th week. At this time our final assessment was 
made because disposal had then to be decided. Cases 
were Classified into three groups: (1) those comple- 
tely healed, (2) those in which the fracture was 
sealed off and a granulating wound was present and 
(3) those in which the fracture was still open, either 
widely or by a small sinus. 


Assessment of Results at Sixth Week 

Of the 184 fractures treated, 132 (i.e. 72 per cent) 
were closed at the sixth week. Of these, 110 (i.e. 60 
per cent) were completely closed with sound skin 
healing, the remaining 22 had healthy granulating 
wounds. 52 cases (i.e. 28 per cent) remained as open 
fractures. This figure (52) requires some elucidation, 
as the term .““ open fracture ” is apt to imply widely 
open. Eighteen cases could not be sutured at all 
because of either gross anatomical skin loss (5), or 
in 13 cases, infection, chiefly gas gangrene (9). Of 
the remainder, the wound had closed down to a 
small sinus in 28 cases. We could reasonably except 
complete healing within a short period in quite a 
percentage of these. Eight we put as compiete 
failures, one of which had to be amputated for 
clostridial infection with secondary hemorrhage. 
These are the results at the sixth week. (1 shall 
discuss later the problem of the cases where no 
suture is possible). 


TABLE I 
Summary of Results (At Sixth Week) 
Closed Fractures Open Fractures 
Method of Ds. a 6 3 =e 
biteccics a3, | Granu- 
Treatment cases Skin | lating | Small | Widely open. 
Healed | wound, | Sinus. | 
Complete suture 114 C5 se 66 Br | * 3 
166 = % [ae a ag ee PE Fr uea ede 
Partial suture 52 17 15 15 (one 
sa amputation) — 
Prag 13 
Suture impossible 18 —_— | 2 3 (three 
a rts _ amputations) 
Totals 184 et ee) eye Pl oe 21 
eee is 
132 52 
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Commentary 

Quite apart from any estimation of results of 
actual skin healing, the lack of any constitutional 
disturbance and the general well-being of the patients 
were striking. The men felt well and looked parti- 
cularly well. The picture of chronic sepsis, did not 
develop. No case developed clostridial infection or 
cellulitis during treatment. No case died. As for the 
wound scars, fibrosis was minimal; a linear scar 
replaced the familiar irregular pyckered area, and 
when immobilisation had ceased, the surrounding 
soft tissues were not thickened and scarred, but 
soft and pliable. Performance of active exercises was 
undoubtedly facilitated with earlier recovery of 
function. : 

Table II sets out the results’of complete suture as 
they apply to individual bones. Of the 114 complete 
sutures performed 98 or 86 per cent were closed 
fractures in six weeks. 


TABLE II 
Results of complete suture (At Sixth Week) 


Closed Fractures | Open Fractures 
No, of 
Bone Involved F in 
Cases | skin | ting | Small | Widely 
Healed | wound | Sinus. | Open. 
Humerus 39 7 gles yas | Pie! 1 
Tibia & Fibula 26 ec toRgic LL ae Uae 
Fibula alone 6 6 San A ee _ 
Radius & Ulna 24 23. io) aor oe 
. Scapula 7 5 i 2 an 
| 
Tarsals and Metatarsals 10>. J 7 1 | Peng at 
| | } 
istics SSA WS LOR RST 
Patella Be ee i eC Beet rt ae 
t | Brianne, 
Clavicle 1 1 — | _ — 
p EEE me _ 4 
Total | 114 93 5 | 13 3 


Considerations of the results showed that the 
failures occurred in situations where there was 
inadequate soft-tissue covering for the bones. Thus 
whilst the humerus, radius and/or ulna, fibula and 
scapula fractures show results of 90 per cent, the 
tibial and tarsal fractures give only 60-70 per cent. 

Some of the cases of arm, forearm and scapular 
injury were very severe and yet the results were 
excellent. At the same time probably the successful 


_tibial and tarsal injuries were of the less severe 


variety and occurred over the flesh covered parts 
of these bones, e.g. over the outer side of the leg in 
the case of the tibial fractures. There is a well known 
gutter type of fracture which occurs over the 
subcutaneous border of the tibia and ulna and even 
if skin can be made to roof over the gutter, failure 
will result every time. The name of ‘ tenlage’ has 
been given to this procedure. These fractures must 
be allowed to granulate up and be skin-grafted later. 


Table III sets out the results of partial suture as 
they apply to individual bones. 
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TABLE III 
Results of Partial Suture (At Sixth Week) 


Closed Fractures | Open Fractures 
. of |—— —|— 
Bone Involved qr : Granu- ; 
Cases Skin lating Small | Widely 
Healed | wound | Sinus | Open. 
Humerus By 5 3 1 1 _ 
« SENOS te Saar 
Tibia & Fibula 20 5 6 6 3 
“ aad 2 =~ peated — = | = ma 
Fibula alone 4 1 | 3 pt roses 
Radius & UlIna 13 5 5 3 — 
Tarsals & Metatarsals 9 3 _— 4 2 
Scapula 1 — —_ 1 Po 
Totals 52 17 15 15 5 


Incomplete Suture 

Fifty-two cases were not suitable for complete 
suture, In almost all instances this was due to anato- 
mical defect in skin. The term “Partial suture” is 
used when either only one of several wounds is 
sutured, or when only part of one wound, can be 
so dealt with. That two out of three (32 of 52) were 
closed in six weeks seems to justify the procedure. 
Failures again occur in the bones with poor tissue 
covering. 


I think that these figures can be improved on by 
either combining partial suture with skin-grafting at 
the primary operation in the Base Hospital or by 
partial suture followed in a few days by skin-graft- 
ing. I also think that where complete suture is 
impossible at the first operation, the local instilla- 
tion of penicillin should be augmented by a larger 
parenteral course than was given by us, I would 
suggest 500,000 units, 


Cases Unsuitable for Suture 
These are the problem cases: 


Eighteen cases in the series were unsuitable for 
suture for various reasons — 9 because of clostridial 
myositis or cellulitis —— four because of established 
pyogenic infection and five because of gross tissue 
loss. All these cases were given the routine treatment. 

Three limbs had to be amputated — two for 
clostridial myositis and one for sepsis. In a conse- 
cutive series of battle casualty fractures a certain 
percentage will be of extreme severity. These 18 
cases were in this category. In several amputation 
“was contemplated, but apart from the three cases 
mentioned was found to be unnecessary. 


I do not propose to discuss these cases in detail. 
We have now considerably modified our line of 
treatment regarding them. The majority were 
infected fractures of the tibia and fibula. When such 
fractures are found to be unsuitable for suture, I 
think that the closed method of plaster treatment 
should be abandoned in favour of open methods on 
a Braun’s frame or Thomas splint with skin or 


_ skeletal traction. The wound should be treated by 


daily dressing or irrigation if badly infected. A 
course of parenteral penicillin from 500.000 — 
1,000,000 units should be given along with the local 
treatment and at the earliest opportunity the wound 
should be closed by skin grafting. We have recently 
had very much improved results with this line of 
treatment, 


Conclusions 


These then were the results we obtained in a 
serious attempt to apply the two stage procedure 
of closure to open fractures, 

Latterly in cases where complete closure was 
possible we have omitted the parenteral course and 
used the local treatment only. Although we have not 
done enough cases to form a control series, the 
results seem just as good. 

From our experience I would say:— 

(1) Where complete suture is possible, use only 
local penicillin. 

(2) Where the wound can only be partially 
sutured, combine a parenteral course with 
the local treatment, and within 5 — 10 days 
either complete the suture if possible or 
cover the remaining part of the wound with 
a skin-graft, 

(3) In the group of severe cases where no suture 
is possible (and most of these cases will be 
infected fractures of the tibia and fibula) 
treat the limb by open methods, give a 
massive course of penicillin parenterally (a 
10-day course) and then skingraft early. 


Brigadier Edwards 

Many points have been raised since we started 
this morning, and this seems to be the right time 
for a general discussion, 


DISCUSSION 


Col. Hampton, M.C. 


It has been a great pleasure and a privilege for 
me to discuss this subject with Major Furlong and 
to have seen the splendid results obtained in the 
treatment of fractures. I would like to bring up a 
point which may be worthy of elaboration. Is not 
the result we have obtained in all of these femoral 
injuries dependent not upon the major operation 
but upon the initial surgery which has been done? 
We feel this is so. We feel that the most important 
thing we can do at the base on femurs is to make 
sure that the excisional surgery is complete, We 
make absolutely certain that all foreign material and 
bone fragments are removed. I think there i some 
difference of opinion between our surgeons and the 
British surgeons on the latter point. We make a 
point of seeing that these fragments are removed in 
the forward areas before going to the base: We have 
not been carrying out a complete suture. I cannot 
say if our jobs are any better than the excellent 
ones presented here. 


Lt.-Col. Watson, Adviser in Orthopedics, AFHQ. 


I agree with Col. Hampton. It would appear on 
theoretical grounds at any rate, that it is an exceed- 
ingly difficult thing and would be dangerous to 
close completely the majority of compound fractures. 
It is almost impossible to excise a compound fracture, 
as there is extensive damage to deep tissues, There 
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are, in most of them, fragments of bone, which 
may be likely to provide a place where bacteria can 
grow. But, I think the papers we have heard this 
morning show that given certain conditions it is in 
fact possible to close them without any untoward 
results, or, except in a small proportion, with infec- 
tion occurring. It seems to me that the things which 
are essential are, that the forward’ surgeon be able 
to excise the wound, that the muscles are decompres- 
sed, a standard method of splinting is employed to 
keep the parts completely at rest and that the wound 
should be left completely undisturbed until it is in 
the operating theatre at the base hospital. With 
regard to penicillin, I am sure successful results must 
be partially attributable to the proper use of peni- 
cillin. We have heard of the two methods employed, 
the parenteral and local injection through tubes. It 
would seem from the papers we have listened to 
this morning that in bones completely surrounded 
by muscle, there is an adequate blood supply, and a 
parenteral course will provide sufficient concentra- 


tion at the fracture site to reduce or abolish 
infections. Another factor is, as Major Stimson 


pointed out, the patient’s general condition before 
and after the debriding of the wound. Regarding 
the time interval, I think most of the surgeons who 
spoke this morning agree that delayed primary 
sutures of fractures should be done certainly some- 
where before the tenth day. Most of them are done 
about the seventh. That of course implies that cases 
must be evacuated back in reasonable time. We have 
had a little experience recently of evacuation diffi- 
culties. Delayed primary suture has been done at 
one place and then the patient is evacuated back for 
treatment. That, I think, has proved to be on the 
whole, unsuccessful, as it adds another ten days to 
the time before definitive treatment is commenced. 
Therefore it is important that the hospitals or 
orthopedic centres. should be as near as possible to 
the forward units to treat the fracture and enable 
the evacuation to be made within a reasonable time. 
Major Burge referred to the question of X-ray in 
forward units. This is a matter of some importance 
in regard to compound fractures. Col. Hendry I think, 
' emphasised the importance of taking out foreign 
bodies. Tam sure that is best done at the first opera- 


tion, when the wound is debrided initially. I think . 


this applies chiefly to deep metallic fragments close 
to, or within, the actual fracture site. I don’t think 
it means that surgeons should try to.remove very 
small pieces. I do think it is important to X-ray 
before the primary operation. With regard to removal 
of bone fragments — I differ from Col. Hampton 
in that where the bone fragment is detached but is 
not very large, or where there are several fragments, 
and their removal would leave a gap, I think most 
British surgeons would advise they should be left 
in to form a graft. It is a fact that if you can get 
successful early closure their presence does not seem 
to matter. Col. Hendry says that closed plaster 
treatment of a wound which it is not possible to 
suture is bad, though I am not sure I can agree with 
that. 


I certainly would like to congratulate the two 
speakers on femurs, Of fracture femurs very few 
have actually gone back to duty in this theatre, and 
it is a fact that the majority will return to U.K., but 
they will go back healed. When the fracture is con- 
solidated it is quite possible a big proportion of 
them will be retained in the Forces, and so effect a 
contribution to the man-power situation. 
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Brigadier F, A. R. Stammers, Consulting Surgeon, 

Forward Areas, 

It has been rightly pointed out that delayed 
primary suture was practised during the last war. 
With generous supplies of penicillin, with appro- 
priate organisation at the Base, and with the general 
enthusiasm there is to put this-two-stage treatment 
into action the results should be enormously better 
than in 1914-18. I remember that at a meeting of 
divisional officers just before Cassino it was asked 
of forward surgeons that they indicate on the Field 
Medical Card “suitable for delayed suture ”, Ex- 
perience since then has taught us that very few 
wounds are unsuitable for this treatment, and _ it 
becomes more rational, in order to cover the far 
smaller proportion, to say “ unsuitable for delayed 
suture’. Maior Burge gave a most interesting 
description of the treatment of soft tissue wounds, 
but I would like to question the advisability of his 
method of keeping a wound open for a few days 
by stitching the skin edges outwards over small 
rolls of gauze. I wonder whether this would not 
‘ause oedema, just as the former fashion of turning 
back amputation flaps and bandaging them in that 
position was found to cause cedema of the flaps. 


It is interesting to compare the figures of Cassino 
days and those of the Gothic Line battle. The results 
of delayed primary suture during the latter battle 
were less good than during Cassino days, and this 
because the lines of evacuation in September and 
October were very long, and in consequence the 
optimum time for the delayed suture was missed. As 
pressure of work eased off we were able to establish 
delayed suture centres in Army areas, and were 
therefore able to apply delayed suture at the optimum 
time. The surgeons who did this work in these more 
forward centres have produced results comparable 
with those of the Cassino battle. At this time of vear 
evacuation by air on the east coast is most unreliable, 
but once activity starts again these cases will once 
again have to be sent to more distant hospitals. Not 
being an orthopedic surgeon I cannot give personal 
experiences of conserving loose fragments of bone; 
but with the general use of early wound closure, 
aided by penicillin, I am prepared to believe that 
not only the question of saving detached fragments 
of bone but also the earlier suture of nerves and of 
tendons will, under carefully controlled trials, be 
attempted with a good chance of success. 


Colonel E, D, Churchill, MTOUSA 


As spokesman for the surgeons of the United States 
Army Medical Corps, in this theatre, I wish to ex- 
press our deepest thanks for being included as guests 
in this meeting. 


We have in the United States a publication known 
as the Congressional Record. In addition to the 
formal speeches of our congressmen and _ senators, 
privilege is granted for the incorporation in the 
Congressional Record of a large number of miscel- 
laneous items. many of which are not suitable for 
debate on the floor of Congress. At least some of 
these have the purpose of framing the remarks of 
congressmen so that their place in history is pre- 
served for students of the future. Possibly this is the 
origin of the expression “keeping the record 
straight ”. I offer two items, neither of which is 
debatable, for incorporation in the records of this 
congress so that the students of wound healing 50 
years from now will know that we had some idea 
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of our place in surgical history, The first of these 
apeared in 1918:in Paris in a publication of the 
Red Cross known as “ War Medicine” and was 
written by Rene Block:— “The best moment for 
delayed primary suture is the fourth day after 
operation; this is the time at which, in the service 
of Dr, Lemaitre, we do the first dressing of wounds 
which have not been sutured, provided the patient 
is without pain or fever and the bandage has not 
become soiled at an earlier date, If the wound is not 
sufficiently clean, it is best to delay suture for several 
days more; it may be practised as late as the 12th 
day. 


“The operative technique is identical to that for 
immediate primary suture; rather than suturing the 
-whole en masse with silkworm gut, it is better to 
suture layer by layer with fine catgut in order to 
re-establish the anatomical layers, and especially 
to make possible the natural gliding of the tissues. 


“For those who know how to effect a: good 
ablation and who have the technique of delayed 
primary suture wel] in hand, the possibilities of this 
procedure are infinite. Thus between the fourth and 
the twelfth day we have been able to close wounds 
with extensive gas gangrene, even when accompanied 
by fracture, in which cases the best of results have 
been obtained.” 


The second item goes back a bit further, in fact, 
to Lord Lister, It is of interest that this particular 
quotation was carried forward into the British Me- 
dical History of the War of 1914-1918 as if surgeons 
at that time were a bit confused by hypochlorinated 
solutions, Bipp paste and iodine, and were seeking 
to clarify their place in history. “If, for example,” 
Lord Lister is quoted, “ a pair of forceps is handed 
to the operator with the intervals between i! e teeth 
occupied by dry septic pus and a vortion of this 
dirt becomes detached and left in the wound, the 
evil cannof be corrected by any antiseptic wash 
that is now at our disposal or that the world is ever 
likely to see.” 


Colonel T, D. M. Stout, NZMC 


I have been one of the lucky men who recently 
visited the old country, and I find the old country 
is a place where if one has eyes and ears one can 
learn more than in any other place in the world. 
I must first of all compliment the speakers of this 
morning, I think they are excellent, and I agree 
with every word they have said, The papers from 
forward areas are particularly good. Forward 
surgery now is about as excellent as it can be. There 
are several points I would like to make. The first 
is in regard to the primary treatment of wounds. 
I agree with Major Burge entirely. If the foreign 
body is at all accessible, it should come out. 


On the question of bone, I cross swords with 
Colonel Hampton. One of the points I tried to find 
out about in England was whether bone which had 
become completely detached should be left alone. 
I was told, and I want to emphasise this, “ it must 
be left in’’. If an exposed bone, it has got to be 
covered at the first opportunity, for it dies on the 
surface, and once that happens, nothing can grow 
over it. Exposed bone has got to be covered even 
if you have to make a big wound at the side of it. 


As to penicillin, when is it to be given? I must ask 
whether in all severe cases the penicillin is given 
through the L of C, If penicillin is to have full effect, 


it must be given on the way. Penicillin will then 
have a better chance; I think it should be given 
that way. 


Major J. B. Bickerton, RAMC 

During the Gothic Line battle, No. 4 Orthopaedic 
Centre had the opportunity of treating 108 cases of 
fractured femur with delayed primary suture and 


penicillin. We closed completely 62; 38 were 
partially sutured, and the other eight were not 
closed at all, Our results were:— Of those totally 


sutured, 80% were closed fractures in four weeks, 
90% in eight weeks; of those partially sutured 
only, 52% were closed fractures in four weeks, 74% 


‘in eight weeks and 90% in 12 weeks. 


Lt.-Col. A, Sollysik, Polish Medical Corps. 


I will take into consideration some details of 
dressing and splinting. Common features in all 
Tobruk Plasters I have ever seen, were: the excised 
wounds, dusted with sulphonamide powder or 
calcium-penicillin, packed with vaseline gauze and 
covered with many layers of gauze and cotton, 

In such dressing, the wounded, especially those 
with compound, comminuted fractures and lacerated 
soft tissue wounds, after some days, would feel every 
day increasing pain. The pulse rate and tempera- 
ture were higher, the smell] very offensive and the 
general condition, especially after transport, was 
miserable. Immediate change of dreassing was 
necessary. 

In contaminations as well as other factors, access 
of the air is important, but it is too often neglected. 


Undoubtedly, the fear of circulatory disturbances, 
possibly caused by the plaster being too tight, or 
tightening owing to muscles swelling, justify the 
application of the Tobruk Plaster with thick padd- - 
ing, but on the other hand it was shown long enough 
ago, that wounds. should not be, plugged with 
tampons, and such a dressing plugs as tightly as a 
cork, The loose packing, draining the cavity of the 
wound is no aid, if the surface is completely closed 
from approach of the air and thus does not allow 
pus-discharge. We must try to secure contact with 
the air, reduction of formation of pus and facilita- 
tion of discharge. 

Keeping in mind the value of padding for plasters, 
especially in eases to be transported, we should not 
entirely dispense with it. We can employ a layer 
more or less half an inch thick, except for the 
wounds. These after “ toilet”? should be dusted, then 
covered with a single layer of vaseline gauze only, 
and then immediately covered with plaster, In the 
absence of sterile vaseline gauze I prefer to cover 
the wound directly with plaster, rather than to 
cover it first with some layers of ribbon gauze. 


In this way, the wounds have contact with the air 
which diminishes the pus discharge; the plaster 
closely fit to the wounds sucks up, simultaneously 
drying it up and retaining this capacity for a long 
time, In placing the rubber tubing, before the usual 
plaster application, we try to avoid the wound 
surfaces and therefore the rubber is often placed 
serpentinely and not straight down, 


The extension made by adhesive strapping applied 
to the leg is certainly appropriate, but not for the 
period of evacuation or transport. The need of 
careful vigilance can only be satisfied in stationary 
treatment. Many femur fractures observed in our 
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division showed the inadequacy of strapping ex- 
tensions applied in the Field Ambulance. Pressure 
sores were very frequently noted, in spite of correct 
appliance of soft encircling bandage. In other cases 
the bands were not surely enough secured. In almost 
all cases the foot was too loosely supported. 


_ Itappears to be better to limit the plaster extension 
to the fractures in the upper third, which without 
the adhesive strapping cannot be fixed in Tobruk 
Plaster only. The remaining time, in the other cases 
involving the middle and lower 1/3 femur, may be 
used to improve the application of the Tobruk 
Plaster and so support the limb better. 


The dressing made in that way is airy, absorbent 
and dried up, and we may expect that after some 
time, by change of dressing, the wounds will be clean 
and ready for delayed suture or secondary treatment. 


There are many agents, which cooperate, before, 
during and after the treatment of wounds, but skil- 
fully performed surgery is the most important, 


If we want to do it in the best way, we must have 
the means, and an adequate table, and the operating 
table in Field Ambulance, and even in some hospitals 
is inadequate, 


“ The field orthopaedic table,” as I call it, consists 

.of two main parts :— 

(1) a high table to support the head and the chest 
of the patient only. 

(2) two adapted Bohler apparatus, fixed on two 
lower mobile benches, 


The small saddle, attached to the appropriate part 
of the Bohler apparatus should be covered with 
rubber tubing and is on the same level as the higher 
table. A system of mobile pulleys together with 
typical Bohler extension system for the calf, enables 
the traction on lower extremities in the desired 
position, 


I consider, the closed P.O.P. dressing essential in 
the first period of treatment, for transport, and after 
every operation on the limbs. The time lapse 
between the operation and first change of dressing 
depends in my opinion on the patient’s general con- 
dition and the amount of discharge. If there is 
abundant discharge with offensive smell, or com- 
plaints of burning pain, I cut windows in the plaster 
over the wound and apply gauze soaked in silver 
nitrate solution (1/4%). Using this method, improve- 
ment has been observed, not only in the patient’s 
subjective feeling, but also in his general condition. 
This treatment is not very popular and was never 
duly appreciated. In 20 years of surgical experience 
I have had the opportunity to check the value of 
this method in the treatment of infected wounds. 


In the treatment of femur fractures the problem 
of the evacuation of the casualties roused my 
particular attention. The general hospitals in the 
vicinity of the front line are not and cannot be the 
last link in the treatment. There are many reasons 
why patients should be evacuated to the rear, to 
home-hospitals, which are much better equipped. 


When we take under consideration, that in all war 
theatres there are hundreds and thousands of 
wounded of this kind immobilised for long periods 


COMPOUND FRACTURES 15 


in their beds, then I think that to enable their 
evacuation home from the most remote battle-fronts, 
even by ship, and without interruption of the ex- 
tension treatment, would certainly be a step forward, 

The Tobruk splint is indispensable in cases of 
compound and simple fractures of the lower part 
of the femur, but on the other hand it is not suitable 
for long lasting transport, The principle of getting 
counterpressure for the traction by means of a ring, 
holding the groin and resting mainly upon the tuber 
ischii and the inguinal region does not permit the 
application of an extension, strong enough to with- 
stand successfully the muscular pull and_ the 
tendency of the fragments to slip and dislocate. 

In some cases after reduction and wedging of the 
bone fragments, and particularly when the Kirschner 
wire used for traction is moulded into the plaster, 
a hip, spica may be of some use. However, every 
experienced surgeon knows very well,. that even 
in these cases a dislocation is always possible and 
renewed reduction is again necessary; so even this 
method is not satisfactory for long lasting transport. 


Looking for a solution of this problem I began to 
apply “the combined P.O.P. extension dressing,” 
trying to comply with required conditions. My 
object was to work out a dressing, which could give 
the highest guarantee of maintenance of the required 
position, and which at the same time would offer 
the patient the greatest possible comfort. I modified 
the usual hip spica as follows :— 


I transfer the counterpressure to the hip of the 
side affected and to the ribs, reckoning, that a 
sufficiently rich padding would protect the ribs from 
painful pressure, while the accurate moulding of the 
hypochondriac depressions would hold the dressing 
in its proper place, In spite of the traction exerted, 
both glutei and the sacrum remain free, not enclosed 
in the plaster cast, which holds only the lumbar 
region, which is not exposed to pressure, due to its 
physiological lordosis, Therefore the plaster can be 
accurately moulded and does not produce pressure 
symptoms, in spite of its tightness. All nursing 
problems are greatly facilitated. 


Taking into account that the plaster is liable to 
crack, by repeated and not always expert handling 
during transport, I reinforce the dressing -in its 
weakest spots, that is, in the region of the hip, groin 
and knee with accessary cross-wires moulded into 
the plaster, In this way I obtain a very strong dress- 
ing, steady enough to withstand any rough handling. 
Instead of traction with a weight. I am using a trac- 
tion with a piece of rubber tubing fixed between the 
bow and the splint end. 


Developing further the conception of a dressing 
permitting transportation I made a very simple and 
light, portable extension apparatus, which offers the 
possibility of treatment and in emergency also of 
transport. 


This apparatus which I have called the “S.5” 
allows for continuous traction applied either by 
weight extension or by means of rubber tubing (or 
possible steel springs) in every case of femur 
fracture, 

(The splint “S.5 ” and the photographs are at the 
exhibition of the Conference.) 
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THE CLOSURE OF AMPUTATION STUMPS 


by 


Lt.-Col. J. A. MACDOUGALL, RAMC 


The closure of amputation stumps is a most 
important subject, A man subjected to an amputation 
has undergone grave physical and psychological 
trauma, His early return to normal surroundings by 
the most comfortable route is essential, If this be 
delayed or awkwardly accomplished a permanent 
invalid may be the result, The observations which 
comprise the subject matter of this paper are the 
result of the experience gained in the four months 
ending December, 1944. They are a direct result of 
an attempt to minimize secondary closure and re- 
amputation in the presence of sepsis. 

Early in this period we were privileged to perform 
both the amputation and the delayed closure. Lat- 
terly, we have performed the second half of the 
two-stage operation. 

The series is composed of 43 amputations in 41 
patients. These amputations were sited as follows :— 


Below knee 21 
Above knee © 15 
Below. elbow 1 
Above elbow 6 


It was possible to treat 31 of the 43 amputations 


by delayed primary suture. The technique employed - 


embraces nothing new. The original dressing was 
removed in the theatre, Any ligature material was 
then removed except that on the main blood vessels. 
It was intersting to note that in the case of the main 
vessels retraction had caused the ligatures to disap- 
pear deep to the surface. In but very few cases 
was a further section of bone or muscle necessary. 
The surfaces were dusted with penicillin-sulphathia- 
zole powder. The flaps were fashioned and closed 
over a through and through rubber tube drain, and 
the stump was then dressed with a padded plaster 
cap, The drains were removed on the second day 
and the sutures on the seventh or eighth day, Dress- 
ing of the wound on the seventh or eighth day is 
indicated because the drainage of serum subsequent 
* to removed of the drain, renders the dressing moist 
by this time. Sutures are removed at this stage only 
because of convenience. In my experience it is con- 
sidered that keeping the suture line dry is a most 
important factor in the success of a delayed suture. 

The results were most encouraging. 

27 were healed 90 to 100% 
3 were healed 70 to 90% 

One case failed and had to be subsequently 
resutuered because of haemorrhage beneath the flaps. 
This was recognized when the drain was removed, 
and after evacuation of the clot, suture was_ per- 
formed with success, 

Secondary suture was performed in eight cases, 
four of which required slight’ shortening of the 
stump. The constant factor in all eight cases was 
infection by gram negative organisms, The fact that 
gram positive organisms were found in but three 
cases must have been due to previous chemo-therapy. 

Secondary closure was performed with gram 
negative infection still present, the usual tube drain 
being supplemented by rubber glove drains under 


the mobilized flaps. It was surprising to see healing 
progress in the pressure of gram negative pus if the 
gram positive organisms were held in abeyance. 


90 to 100% 4 
70 to 90% . 3 
Failed 1 


The four remaining cases required re-amputation 
at a higher level, 

Closer study of these cases reveals two sets of 
factors, those assisting and those impeding delayed 
suture. It is perhaps best to discuss the factors 
assisting by describing an ideal case. This amputa- 
tion would be performed above the site of compound 
fracture. The section would be through healty 
tissue, cutting the muscle and bone in the same 
plane. This obviates any cavity to fill with exudate 
and become infected. Adequate flaps should be 
planned, but need not be completely fashioned. 
Ideally after dusting with penicillin sulphathiazole 
powder the flaps are laid loosely over the stump 
section, separated only by a layer of vaseline or 
plain gauze. The dressing of choice is a padded 
plaster which should be firm but not tight. It is more 
than likely that the flaps have been subiect to trauma 
at the time of the origina] iniury, Therefore they 
require the protection and_ splinting of plaster. 
However, the flaps must not be subjected to pressure 
or they may slough. In the case of below knee 
amputations the plaster should extend to the upper 
third of the thigh. Amputations in the lower third 
of the thigh are protected by a plaster extending to 
the perineum, One-legged plaster pants offer the best 
dressing for amputations of the mid and upper third 
of the thigh. The plaster pant also affords the only 
means of preventing flexion at the hip in short thigh 
stumps. 

The factors which impede or prevent delayed 
suture in my experience are four in number. 

1. It has been advocated that flaps be held with 
stay sutures pending delayed suture. This has been 
found not only to be unnecessary but harmful. All 
such cases have been found to harbour a blood clot 
under the flaps. The inclusion of a drain or pack has 
not served to prevent this haematoma. The fact that 
sutures do not travel remains inviolate. 


2. The second detrimental manoeuvre is turning 
back skin flaps in an attempt to promote drainage. 
When the flap is reposited. two phenomena are 
observed. At the base of the flap where it is folded 
a definite resistance of rubber-like. quality is ex- 
perienced, Reposition is also accompanied by 
blanching of the flaps, It has been observed that 
normal circulation does not return before the suture 
is completed. This interference with the circulation 
was probably the cause of two of the incomplete 
successes in the delayed suture series. 


3. The third impeding factor is the failure to 
apply a plaster dressing. In only two cases were we 
able to perform delayed suture where plaster was 
omitted. The patient travels in pain, the dressings 
become saturated and slip. Any or all of these 
factors cause the dressing to be removed before 
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arrival at the unit where delayed suture will be 
performed, the result being that the stump arrives 
in an cedematous condition if not already infected. 


4. Disarticulation offers an almost insurmountable 
barrier to delayed suture. All three cases arriving 
at our hospital required amputation, higher up, in 
order to close the stump, It is of course realised that 
‘disarticulation is often a_ life-saving operation. 
However, the poor circulation and difficulty in 
. mobilizing the skin in the region of joints, particu- 
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larly the knee and ankles, make all delayed closures 
of disarticulations difficult and hazardous. 


Chemo-therapy and treatment by plasma and blood 
transfusion are considered outside the scope of this 
paper and have been purposely omitted, 


In closing I would like to thank the forward 
surgeons, The excellence of their work has made 
the performance of the second stage operation a 
pleasure. 
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LATE CLOSURE OF WOUNDS 


Major PATRICK CLARKSON, RAMC 
4 Maxillo-Facial Surgical Unit 


This paper describes methods by which wounds 
have been closed late by short-term operations. It is 
based on 181 wounds from the Tunisian, Sicilian and 
Italian campaigns. These cases were operated cn 
after the second week and before ihe 34th week. 


The wounds described here belong to one of two 
groups, 


1. Big Wounds. 130 cases. 


These are wounds of a long or indefinite period 
of natural healing. 


2. Chronic Wounds. 51 cases. 


A chronic wound is’ defined as a wound still 
unhealed at eight weeks, or one unhealed a month 
after a definitive attempt at closure. Forty chronic 
wounds were treated in Algiers. The marked decline 
in the chronic wounds referred to us in Italy (10 
ouf of 103 as compared with 41 out of 78) in spite 
of the greatly increased scale of fighting, is attri- 
buted to the success of the policy of early closure, 
and to the fact that covers by free grafts and 
simple flaps are now rightly considered as_ the 
province of the general surgeon and are-done early 
rather than after a period of delay in plaster, 


TABLE I 
Total number of late wound closures 2-33 
weeks old - - - - - - 181 
Big wounds ‘. - - - - Feats (5 ( 
Massive wounds (500 sq. cms. and over; or 
200 sq. cms. with an amputation - +, bal 
Large wounds 70-200 sq. cms. - - - 43 
Wounds of 40-70 sq. cms. * . - 61 
Chronic Wounds (these were 30-100 sq. 
cms.) - - - - - - ara 


Algiers chronic wounds 41 out of 78 
Naples chronic wounds 10 out of 103. 


All except a small minority of the operations 
described have been short term, in that they have 
not involved tube pedicle repairs. Belly-to-arm and 
cross-leg flaps for the repair of arm and lower leg 
defects unsuitable for closure by local flaps or freé 
grafts have been used for a small minority. 


Metuops OF LATE CLOSURE 


OF WouUNDS 
TABLE II 
52 cases 


32 cases 
$81 cases 


Approximation and Secondary Suture 
Local flaps (Swinging or Rotation) — - 
Free grafts - - - - - 
Patch graft closures - - 62 
Sheet graft closures - - 19 
Combined operations. (Local flaps 
combined with sheet grafts) - - 
Cross-leg and Belly-to-arm flaps - - 


21 cases 
8 cases 


Closures by Approximation and Secondary 
Suture. 52 cases 


Twenty of these 52 cases were between 70 and 
300 sq. cms. in all. 


The value of this method in closing oval and 
rectangular wounds as well as linear wounds is not 
perhaps widely enough appreciated, The closure of 
oval defects depends on wide undermining and in 
opposing the points of the wound which most readily 
lie together rather than directly opposite points. 

Secondary suture after radical excision provides 
linear closure of the wound by a flap of skin and 
fat with a supple scar which will stand up to 
pressure, 

The best results in the early sound healing is seen 
when a wound is closed in the one line, 


Closures by Local Flaps (Rotation or Swinging) 
32 cases 


In these 32 wounds the secondary 
closed by approximation. 


At this operation a flap of skin and fat is trans- 


defect was 


- ferred on a hinge from a neighbouring site where it 


is present in excess, to cover the defect. 

The secondary defect can often be closed by 
approximation; but if this approximation produces 
any tension on the flap a free graft must be used. 
A free graft gives a better functional result and is 
more certain of 100 per cent take on a secondary 
than on most primary defects. 
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Rotation flaps have been of particular value in 
groin and upper thigh wounds where viable flaps 
can generally be planned to close easily defects of 
up to 100 sq. cms. In this series swinging flaps 
have commonly been of 10 xX 9 cms., and the 
rotation flaps of 9 xX 9 X 2-3 cms. 


Closures by Free Grafts. 81 cases. (Sheet graft 

closures 19. Patch graft closures 62.) 

SHEET GRAFTS: 

An altogether higher standard of technique and 
preparation is needed in sheet covers of granulat- 
ing surfaces than when patch grafts are used, An 
80% take of a sheet is the standard generally 
expected for an adequate result; yet the differ- 
ence between 80 and 100% is healing with full 
function in a week and healing delayed for two - 
six weeks with the final result impaired by some 
degree of scarring, 

Granulating wounds of more than two weeks old 
which have been covered by a sheet graft have 
had a preliminary radical debridement; if more 
than eight weeks old they have been radically 
excised, In the arm and leg these preparatory 
operations have been done under tourniquets, The 
patient has started a full course of penicillin and 
three - six days later the sheet has been applied. 


Wounds closed by sheets have been: 


i;“Wounds “of not=-more- than: 200° sq:cms: 
Wounds needing more than one dermatome 
drum (200 sq. cms.) are generally best closed 
by patches rather than sheets. 


2. Wounds of popliteal and cubital fossee where 
a repair of good quality skin is needed. 

3. Wounds free from hemolytic streptococci; 
and wounds which have had, or have been 
made to have, by preliminary excision, a 
reasonably even contour with little pus pro- 
duction, 


A sheet graft is better fixed by glue than by 
pressure. Sano extracts or gum acacia (technique of 
Capt. Rubin, U.S. Army) have been used, This swing 
from pressure towards glue as a means of fixation 
has been one of the main changes of technique in 
recent years, and represents an undoubted improve- 
ment in technique, 


PATCH GRAFTS : 

The great advantage of patch grafts is that they 
are simple, safe and certain; they can be made to 
stick and grow on infected surfaces anywhere on 
the body. Nevertheless, a good result with a sheet 
is always a better result than a good result with 
patch grafts. The scar is more supple, and durable, 
and lacks the draught board appearance of patches 
which in exposed sites is a concern to the patient. 


Patches have been used: 


1. In very extensive areas which could not be 
covered by sheets, Most areas of more than 
200 sq. cms, should be covered by patches 
rather than multiple dermatome sheet grafts. 
Whenever a certain quick primary resur- 
facing was needed, 

This applied to certain ill patients; and to 
‘ases who had had partial loss of a sheet or 
a partial breakdown of a flap. Patch grafts 


fo 


ensured that they were healed within a 


month of the first operation. 


3. Wounds with much surrounding skin damage 
and infection. Examples of this were mine 
wounds in which it is difficult to get a satis- 
‘factory edge for attachment and surface for 
application of a sheet. 


An H. streptococcus can occasionally float off a 
complete application of patches, so can a_ true 
K.L.B.; two to three applications of local penicillin 
are the answer to the first, and 40,000 A.D.S, the 
answer to the second bacteriological finding. 


No other organisms seem to affect the take of 
patches, A finding of staph. aureus, B. proteus, diph- 
theroids and/or Ps. pyocyaneus need not delay a 
patch graft. However, a late progressive loss occas- 
sionally occurs in both patches and thin sheets. So 
far it has not been possible to blame any one 
organism; mycotic infection is a possibility. When 
this occurs a period of intensive dressings with a 
precise technique is necessary before a fresh graft. 


Closures by Combined Operations. 21 cases. 
Areas of 70 - 300 sq. cms. (one of 1,000 sq. cms.). 
In some large defects the best functional result is 

only obtained by a combination of both methods, 

approximation, flap and free graft. It is then often 
possible to provide skin and fat for the part of the 
wound which needs it. The rest is closed by free 
graft. In the closure of any large defect it is always 
worth while considering whether some part needs 

a fat and skin cover which can be provided by 

local tissue, before choosing a cover by free graft 

for the whole wound, 


Closures by Cross-leg and Belly-to-arm Flaps. 
8 cases. 


These cases were heel and shin defects, and fore- 
arm and hand wounds. 


The scope of these methods has been limited in 
this theatre. Many cases who might eventually need 
a belly-to-arm or cross-leg flap have been given 
primary cover by patch grafts and evacuated to the 
U.K. for time and use to show the need or otherwise 
of more long-term surgery. 


This has been particularly so of hand wounds. 
Almost all these cases on admission have been in 
need of sequestrectomies and excision of necrotic 
tags of tendon and fascia, The hand is cedematous 
and the remaining intact digits have already started 
to stiffen, A belly-to-arm flap as a primary repair 
of these defects necessitates a further month’s im- 
mobilisation or at best modified movement. On the 
other hand a primary cover by patch grafts enables 
vigorous active movements to be restarted four days 
after operation (generally within a week of admis- 
sion). These primary covers limit scar tissue, as well 
as allowing early movement. They can be excised at 
a later definitive operation when a_belly-to-hand 
flap can be more accurately planned to meet the 
need of the particular patient, 


Wound Antiseptics 


Local sulphonamides have not been used. Ca. 
penicillin is inserted into the wound at operation. 
All major wounds are given a full course of 
parenteral penicillin which starts the day before 
operation and continues for a week. 
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TREATMENT OF MASSIVE WOUNDS 


Wounds of a surface of 500 sq. cms. and more, or 
200 sq. cms, with an amputation have totalled 26. 


They have included five traumatic amputations of 
the hip in which the raw’ area was of the order of 
1000 sq. cms. These cases have been covered by 
patches in two - three doses. They have been too ill 
to stand a complete cover at first operation. Im- 
provement in general condition, sleep and appetite, 
after a partial cover has generally been marked 
and rapid, Final healing has taken four - six weeks 
in these hip amputations. The two cases who had 
had a colostomy at primary operation were fittest 
on arrival and healed quickest after grafting. In the 
other three cases feecal soiling of the perineal and 
buttock portions of the raw stump was impossible 
to avoid and was detrimental. ; 


‘This group of massive wounds includes two with 
complete avulsion of the thigh adductors, These 
were healed and walking without noticeable dis- 
ability four - six weeks after grafting and eight - ten 
weeks after being wounded. 


For all these massive wounds patch graft have. 


been used, and have been combined with sheets for 


those wounds which had areas likely to be subject 
to pressure and therefore in need of good quality 
skin, 


DEATHS: 


The two deaths were both massive wounds and 
both involved femur and hip joint, One was a hip 
amputation following a G.S.W, of the neck of the 
femur, He was admitted with a fecal fistula, osteo- 
myelitis of sacrum and septiceemia and died on the 
80th day. His raw area of 1000 sq. cms, had by then 
been partly covered posteriorly by patch grafts and 
anteriorly by flaps. He did not have a colostomy. 


The second death was a massive gutter wound of 
the outer side of the hip of 30 * 12 cms. and involv- 
ing the neck of the femur. He died in coma and 
jaundice on the 72nd day. His fracture site showed 
normal callus and his wound was_ substantially 
healed by patch grafts, The post mortem appear- 
ances of his liver resembled those of sub-acute liver 
atrophy, 


PATHOLOGY 


The pathological factors discussed here are those 
which retard the natural process of repair, or which 
may prejudice the success of closure by operation. 


Marginal Ingrowth and Central Fibrosis 


The normal rate of marginal ingrowth of epithe- 
lium over a wound varies widely in different parts 
of the body. It is most rapid in the head and neck, 
where it may be 1 mm a day, and is more rapid in 
the upper limb than the lower, and in the upper 
parts of the leg than in the calf and foot, The 
marginal ingrowth was measured in the wounds 
reported here. Regardless of site, rates of more than 
1 mm, a week were not observed; and in wounds of 
more than eight weeks old a total of more than 6 - 
8 mms. of new skin edge was seldom seen. 


The cause of this arrest of ingrowth at 6 - 8 mms. 
is ascribed to the progressive fibrosis and avascu- 
larity of the granulations in the central part of the 
wound, 


In excising wounds of up to four weeks old, it is 
seldom possible to define a plane of demarcation 
between the base of the wound and normal tissue; 
but by the eighth week the white fibrous base of the 
wound is easily distinguishable from the surrounding 
muscles, into which it ramifies along the tract of 
the missile. On section after this date, the edges sup- 
porting the 6 - 8 mm. of marginal ingrowth may 
show vessels, but more centrally vessels are absent 
and only fibrous tissue infiltrated with inflammatory 
cells is seen, These central granulations are often 
as unreceptive to a free graft as they are to the 
ingrowing skin edge, and epithelium which survives 
on them is poorly nourished and commonly unstable, 


The contraction of this fibrosis plays an important 
part in determining the size of the final scar, At the 
completion of natural healing the area of new 
epithelium may be only 30-70% of the area of the 
wound when a fortnight old. Centripetal pull of the 
central fibrosis on the surrounding skin has pro- 
vided the rest of the cover, The deeper the wound 
the greater is the proportion of the skin cover 
provided by pull on the surrounding intact skin, 


Bacterial Infection 

In this series of 181 wounds the incidence of com- 
plications—localised cellulitis and stitch abscess— 
in wounds not treated with penicillin, has been 
notably higher in the cases with preoperative 
h. strept. infection than in wounds infected with 
other organisms. The healing in cases treated by 
penicillin has been uniformly quieter than those 
closed without penicillin; but the scope of late 
wound closures, except for the preparation of sur- 
faces for grafts, has not been materially increased 
by penicillin; the essential preparatory step remains 
the radical preliminary excision. 

Hemolytic Streptococcal Infection: Incidence of 
this infection has varied and one of the most re- 
markable points of contrast between Italy and North 
Africa has been the way .in which for days and 
occasionally weeks on end in both burns and wound 
wards there has been no case with h. strept. present. 
There seems little doubt that this is due to the rou- 
tine use of local and parenteral penicillin, 

Staphylococcus Aureus Infection: This infection 
has been common and has persisted in spite of 
penicillin, It has been more common in cases show- 
ing edge redness and stitch abscess than have other 
organisms, 

Diphtheroid and K.L.B, Infection: In countries 
where diphtheria is endemic the infection of 
wounds with K.L.B. might be expected. It has been 
seen in two cases. Each showed a peripheral neuritis 
complicating a chronic superficial limb wound of 
no specific appearance. 

There has occasionally been some local evidence 
of toxicity in the diphtheroid infections; four cases 
of free grafts to burnt areas showed a progressive 
breakdown of the grafts between 10th and 30th days, 
During this time diphtheroids only. were grown. 
Fresh grafts after 40000 A.D.S. took and were stable. 


COMPLICATIONS 


The complications of late wound closures are 
vascular or infective, 
VASCULAR: 

Ischemia of flap edges for 1 - 5 cms, depth 


occurred in seven cases, This ischemia was due in 
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five cases to tension on the flap by attempts to 
approximate the secondary defect. In the other two 
cases too large and non-viable rotation flaps were 
cut. These cases were treated by excision of the 
sloughs between 10th and 14th days and application 
of patch grafts. 


Major hematomata (2 - 6 ozs.) were seen in five 
cases, all trunk wounds; in one the wound broke 
down and had to be resutured, 


INFECTIVE: 

There have been no maior infective complications 
—major abscess or systemic infection—following 
these closures, Edge redness and minor stitch 
abscess have been common but have been markedly 
decreased since the use of penicillin. 


RESULTS 

TABLE IIT 
Late Closures - - - - - 181 
Soundly healed in 4 weeks - - - 170 


80% soundly healed.in 2 - 3 weeks. 
Of these 170 cases 15 needed additional 
frée skin at 10 - 15 days. 


Soundly healed in 8 weeks - - - 6 
After free grafts (patch grafts), 

Evacuated unhealed ot - - 3 

Died - - - - - - - 2 


1 Traumatic hip amputation with 
feecal fistula and septiceemia, Died 
80th day. 

1 Massive wound hip died with jaun- 
dice and coma 72nd day. 


THE TREATMENT OF GS.W.s BY SECONDARY EXCISION AND SUTURE 


Lt.-Col. THOMAS MOORE, RAMC 


I speak as one who has not had the experience of 
the early closure of war wounds with the help of 
penicillin; as one whose surgical principles are 
still unclouded by chemio-therapeutic beliefs and 
who still practises surgery as a biologist rather than 
as a chemist, In the North African campaign no 
penicillin was available for the treatment of wounds 
and the idea of their surgical closure was put into 
practice only by the enlightened, It is perhaps fitting 
therefore, in this atmosphere of bacteriostatic magic, 
that I should tell you my results in the attack on 
soft tissue wounds by surgery alone. In_ that 
campaign chronic wounds were very common 
and it was really exasperating to observe the time 
that even small superficial wounds took to heal and 
the loss of duty they caused. It was a not uncommon 
experience to see them still unhealed in six months 
after the original injury, When one enquires into the 
reasons for the prolonged healing of wounds it is 
found that the following factors are involved. 


(1) The large size of wound due firstly to the loss 
of tissue caused by the original iniury, and, 
secondly, to the loss caused by the primary surgical 
treatment, although this has rightly tended to 
become less and less, 

(2) Increase in the size of the wound, due to the 
elasticity of the tissue, particularly noticeable when 
the deep fascia has been divided. 


(3) The site of the wound. Wounds of the back, 
particularly those over the spine of the scapula, 
wounds over the subcutaneous surface of the tibia, 
wounds over the lateral surface of the leg near the 
head of the fibula, all heal slowly probably due to a 
relatively poor blood supply to these parts. 


(4) Infection. This chronic infection was never, 
or very seldom, dangerous to life but was un- 
doubtedly the main factor in preventing wounds 
from healing. All the common organisms were found, 
By their constant injury to the tissues they led to 


fibrosis round and deep to the wound and because 
of this there was always a relative ischemia of the 
part so that wound healing did not occur quickly 
and the final scar was frequently unstable and liable 
to break down with the resumption of full duty. 
Undoubtedly the main cause of this infection is the 
curious medical officer or nursing officer who likes 
to look and see how the wound is getting on, Even 
under the best conditions it is difficult to dress a 
wound and be sure of not contaminating it, but when 
an all touch dripping finger technique is used con- 
tamination is certain. 


It became a routine to excise such wounds 
radically, when they looked clinically clean, and 
suture them completely. Although for interest such 
wounds were frequently examined bacteriologically 
it was on the clinical appearance that the decision to 
excise them was made. After the wound had been 
carefully carbolised it was very radically excised. 
The skin incision was always made a considerable 
distance from the edge of the wound, never less than 
¢ inch, the aim being to cut through normal skin 
well away from the fibrous reaction, The wound and 
the surrounding tissues were removed in one block, 
the incision through the tissues being everywhere 
well below the base of the wound and through 
healthy tissue—no matter how deep this might have 
to be. Occasionally anatomical considerations made 
this impossible, but such cases were always noted 
preoperatively and the excision was only curtailed 
in the region of the endangered nerve or artery as 
the case might be. The excision was always done 
with the no touch technique and the instruments im- 
mediately discarded. The greatest care was taken 
to avoid contamination of the tissues from the 
wound and the excision was always carried out 
most radically, the aim being to remove all abnormal 
tissue, any sub-conscious fear about the subsequent 
difficulty of closing a very large wound being 
consciously and rigidly suppressed, The margins of 
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the new wound were then undercut just superficial 
to the deep fascia often to as much as 4 inches to 
allow of easy closure of the wound without tension. 
After haemostasis had been secured, each vessel 
being carefully tied using fine catgut, the wound was 
carefully closed by suture using vertical mattress 
sutures and taking great care to see that the edges 
came accurately in apposition, In those cases where 
the wound could not be so closed without tension 
this was accomplished by the formation of a local 
rotation flap. By such means the wounds were 
always completely ‘closed, In a few cases where 
sloughing of a localised part of the wound occurred, 
this was excised within seven days and a free graft 
applied. Free grafts were not used in the primary 
treatment. The aim was always to get the wound 
sutured completely without any tension and to have 
the edges accurately in apposition. A drainage tube 
was always left in for 48 hours, In limb wounds the 
part was carefully splintered and apart from the re- 
moval of the drain no dressing was done until the 
10th day, when superficial sutures were removed and 
the 14th day when the remaining sutures were 
removed. The splint was then discarded and rehabili- 
tation started. 


I have investigated the results of 100 consecutive 
wounds so treated. They were mostly old wounds, 
the average time after wounding being 56 days, No 
case was less than seven days and none more than 
300 days old. In size they varied from large wounds 
10 - 12 inches by 4 - 6 inches to small wounds no 
larger than a two-shilling piece, The maiority were 
of moderate or large size, 


The results have been classified into four groups :— 


A. Healed by 1st intention like a clean surgical 
operation wound, 

B. Healed almost by ist intention. Soundly 
healed in 14 days, No gaping in the wound 
but some stretching of the suture holes. 
Delayed primary union. 

C. More than 50% healed by Ist ioascouagial but 
part of the wound gaped. 


D. Less than 50% healed by 1st intention. 


50% showed Group A healing; 
26% Group B; 15% Group C; 9% Group D. A and B 
may be taken as a highly satisfactory result, i.e. 76%. 
Even those of Group C who were not evacuated for 
other reasons were all healed in 35 days. 


Apart from getting these wounds healed the object 
of treatment was to get the patients back to duty. 
Twenty-five of these cases had other lesions, e.g. 
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nerve lesion, amputation, or fracture unconnected 
with the wound treated, for which evacuation was 
necessary, Or were prisoners of war and. were 
evacuated for military reasons. The times of return 
to duty are therefore calculated from the remaining 
75 cases. 


The average time after operation of return to duty 
in Group A healing was 26 days: in Group B healing 
39 days. All Group C returned to duty in 55 days, All 
Group D eventually healed and 33% returned to duty 
within 60 days. 


One of the features of the treatment is that even in 
the unsuccessful cases where primary union is not 
obtained, because of the improved blood supply 
healing of the new wound is much quicker. No com- 
plications occurred in this series, apart from the 
failures of healing already detailed. 


BACTERIOLOGY AND HISTOLOGY 


In 33 cases the excised wounds were carefully 
cultured and examined histologically. The bacteriolo- 
gical findings and the relationship between the time 
of healing and the organism present are shown in 
the table below :— 


HEALING 
Groups: |, phe 5 be Buen: 
STAPH, AUREUS Cid: Cases). O24) Pee 


STAPH. ALBUS (3 3 
HAEMOLYTIC. STREPS (3, ) 3 — — — 
B. PROTEUS ( — — 

( 1 — 1 — 


B. PYOCANEUS 
DIPHTHEROIDS ( 1 case ) ay ee | 
STERILE (10 cases) 3 1 3 3 


It is curious that the best results were in wounds 
contaminated by staph. Aureus and_ streptococci. 
Although difficult to understand it at least demon- 
strates that it is possible to excise these wounds 
without contaminating healthy tissues, 


Histological examination of the wounds shows ex- 
tensive fibrosis involving frequently deep muscle. 
There were frequent foreign body giant cells around 
unabsorbed suture material. The blood supply to the 
centre of the wound was seen microscopically always 
very scanty. These results show what can be accom- 
plished by aseptic surgery in the treatment of war 
wounds, They may be taken as a standard on which 
the combined attack. on wounds by surgery and 
bacteriostatics may be judged, 
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F ere 
THE ROLE OF PENICILLIN IN WAR WOUNDS 


by 


Lt.-Col. F: H. BENTLEY, RAMC 
and 
Major SCOTT THOMSON, RAMC 
(Read by Major Scott Thomson) 


This subject will be discussed under three head- 
ings. 
\ 1. The value of bacteriostatics in control of 
infection at the first operation at C.C.S. 

The value of penicillin in wound repair, 


Local versus parenteral use of penicillin. 


1. The value of bacteriostatics in control of infec- 

tion at first operation at C.C.S. 

In this Command for the last year wounds have 
been treated by a two-stage cGperation. At the first 
operation at C.C.S. grossly contaminated and dama- 
ged tissues are removed, and the wound is laid open 
so that there is free drainage and an absence of 
tension while the patient is being evacuated to Base. 
Several days later the wound is examined in hospi- 
tal and is sutured if possible. 


The main object of the first operation is the 
control of infection, and the subsequent progress of 
the case is determined by the success with which 
this object is achieved. No one with experience of 
-war-wounds will deny that adequate surgery at the 
first operation is of paramount importance. After 
surgery is completed, however, some degree of infec- 
tion is likely to remain, and it is in connection with 
_ amet infection that a bacteriostatic may be 
of value, 


It has been our custom for some years to put 
sulphanilamide into the wounds at the conclusion 
of the operation at C.C.S., but we have never been 
certain whether this was of value or no. With the 
advent of penicillin it was decided that a serious 
attempt should be made by means of a large-scale 
clinical trial to decide the precise value of these 
two bacteriostatics when employed locally in the 
treatment of recent wounds. 


Such a trial has recently been completed from 
‘asualties occurring during the Gothic Line -battle, 
and those surgeons who are present to-day and who 
were working in 5 Corps or in Ancona, Bari and 
Barletta during this battle will remember this in- 
vestigation in which they played so active a part. 

For those surgeons who were not immediately 
concerned in the investigation it is necessary to re- 
‘apitulate the methods employed. The battle was 
fought in wet weather on cultivated ground. Casual- 
ties were heavy and C.C.Ss. were working under 
pressure, The treated wounds. were therefore a fair 
sample of what could be expected from experienced 
forward surgeons under battle conditions. The difti- 
culty of comparing one type of case with another 
was simplified since all external conditions such as 
terrain, weather, forward surgeons, lines of commu- 
nication and base surgeons were the same throughout 
the period of the enquiry. 


It was arranged with the forward surgeons in 5 
Corps at the start of the battle that penicillin-sulpha- 
thiazole powder would be applied to wounds alterna: 
tely with sulphanilamide, and that in a number of 


‘ases no bacteriostatic would be employed, Penicil- 
lin-sulphathiazole powder was insufflated into the 
wounds so that a thick frost was produced, Sulpha- 
nilamide was generally applied “in bulk” so that 
the wound cavity was filled with the drug. 

There were therefore, initially, three groups of 
cases, depending on the wound .chemotherapy, It 
should be stated at the outset that the casualties in 
which no bacteriostatic was employed were carefully 
watched along the lines of communication and at 
Base Hospital. In no case was the wounded part 
endangered by this omission, and there was no 
instance of spreading sepsis. 

The cases were evacuated from C.C.Ss. to Ancona, 
staged there and evacuated by ship to Bari area, 
arriving about the fifth to seventh day after injury. 
Within the next day or so they were taken to the 
operating theatre and the wounds were examined and 
sutured if possible. At this examination the clinical 
condition of the wound was noted and a woundswab 
was taken for bacteriological examination. 


It will be useful here to define certain terms, 


A clean wound was one that had the naked-eye 
appearances of a wound recently operated upon, and 
that showed no reactive changes, 


A dirty wound was one in which the surface was 
covered by tissue exudates. 


The term infection indicated only the presence 
of pyogenic cocci in a». wound — staphylococcus 
pyogenes aureus or streptococcus pyogenes. 

Septic wounds. Those dirty wounds that. were 
infected with pyogenic cocci were called septic. 
About half the dirty wounds came into this category. 
These wounds are of importance because they are 
the ones in which the infecting organisms have 
“taken hold”. 


In addition to this examination of wounds on 
arrival at Base Hospital, swabs were taken from 100 
wounds at a C.C.S, before operation was begun, in 
order to determine the original rate of infection in 
this battle, The swabs were examined by Major 
H, E. Hutchinson of No. 1 Mobile Bacteriological 
Laboratory, to whom we are indebted. 


In this investigation about 900 wounds were exa- 
mined. Staph. pyogenes aureus was found to be by 
far the most common pyogenic coccus. Strep. 
pyogenes (hemolytic streptococcus) was isolated 
from 6 per cent, of all wounds and from only 1.5 per 
cent. in the absence of the staphylococcus, 


In the 100 wounds from this battle that were 
examined in the operating theatre at C.C.S. before 
operation was begun, pyogenic cocci were found 
in 51 (figures provided by Major H. E. Hutchinson). 
This was the basic infection rate which surgery and 
chemotherapy had to combat, and the figure with 
which to compare the results of treatment. 


These results were studied in 706 wounds in which 
the dressing had not been disturbed between operat- 
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ing theatre at C.C.S. and examination in Base 
Hospital, The rates of infection according to the 
chemotherapy previously employed were:— 
Wounds treated at C.C.S, 
by operation only, without bacteriostatic, 
49 per cent. of a total of 116 wounds were 


infected. 

by operation and sulphanilamide powder, 
43 per cent. of a total of 213 wounds were 
infected. 


by operation and_ penicillin-sulphathiazole 
powder, 25 per cent. of a total of 255 
wounds were infected. 
Thus, operation alone did not appreciably reduce 
the incidence of infection compared with the 
infection-rate before operation (51 per cent.), and 
the introduction of sulphanilamide into the wound 
produced little further improvement. The use of 
penicillin-sulphathiazole powder, however, caused 
a significant reduction in infection rate to one half 
of the pre-operation figure. 


It is emphasised that the above figures refer to 
rates of infection as determined by a bacteriological 
examination of the wound. There was no correla- 
tion between the clinical appearance of the wound 
and the presence of pyogenic cocci, many clean 
wounds containing staph, pyogenes aureus and 
many dirty wounds yielding no pyogenic bacteria 
on culture, 

Twenty per cent. of the undisturbed wounds were 
dirty, being covered with exudate, and about one 
half of these contained pyogenic cocci (septic). 
That is, the infecting cocci had taken-hold. Of the 
wounds treated by operation only and _ without 
bacteriostatic, 23 per cent: were septic. In those in 
which sulphanilamide was locally employed, this 
incidence was reduced by half (11 per cent.); and 
in those treated with penicillin-sulphathiazole 7 per 
cent. of the wounds were septic. 


If we show rates of infection and sepsis side by 
side, we see: — 


RATES OF INFECTION AND SEPSIS IN RELATION TO 


CHEMOTHERAPY 
Penicillin-treated No. Infected Septic 
wounds - - =i D255 25% 19 = 7% 
Sulphanilamide-treated 
wounds” - = a ES 43% 23 = 11% 
Wounds untreated with : 
a bacteriostatic =" ERO 49% 27 = 23% 


The precise value of operation and local chemo- 
therapy in this series of wounds can thus be stated 
in the following terms. Operation alone, without the 
use of a bacteriostatic, did not appreciably reduce 
the incidence of infection compared with the 
original infection rate that followed wounding, This 
is what would be expected, for unless a mutilating 
excision was performed not all potentially infected 
tissues would be removed. The aim of the forward 
surgeon is to remove only those tissues that are 
grossly damaged, and by adequate incisions to 
leave the wound in the best possible condition for 
dealing with the infection that remains. The value 
of this treatment is seen in those wounds that were 
treated by operation only; although one quarter of 
them were septic, the sepsis was confined to the 
surface layers of the wound and there was no 
instance of the septic process spreading along the 
limb or tracking deeply. 


Sulphanilamide applied locally had a ‘bacterio- 
static effect, for although the infecting bacteria 
persisted, their activity was depressed so that the 
incidence of sepsis was reduced compared with 
wounds in which no bacteriostatic was employed. 


Penicillin-sulphathiazole powder had a_ greater 
effect, for its use was followed by the destruction 
of the pyogenic organisms in one half of the infected 
wounds and by an equally low incidence of sepsis. 


It is therefore of value to use penicillin-sulpha- 
thiazole or sulphanilamide powder locally in the 
wound at the conclusion of the first operation at 
C.C.S.; and of the two bacteriostatics, penicillin- 
sulphathiazole is shown to be the more potent. 
Major Thomson and I hope that the surgeons from 
the C.C.Ss, in 5 Corps, and the officers in charge of 
divisions and their teams in the Bari area will feel 
that the results of this controlled investigation 
justify the extra work which they so enthusiastically 
put in towards this end. 


2. The value of penicillin in wound repair 
It can be accepted, we think, that penicillin will 

control pyogenic infection if it gets to the part in 
adequate concentration, and in the repair of wounds 
we use penicillin in three ways:— 

Together with sulphathiazole as a powder. 

As a solution, instilled.into the wound through 

tubes. 
Parenterally. 


From the outset, the use of penicillin gave surgeons 
a feeling of security from the risk of spreading infec- 
tion, and emboldened them to repair wounds at the 
earliest possible time, until at present in this Com- 
mand almost all wounds are repaired on arrival of 
the patient at Base Hospital. This is but the re- 
establishing of an old procedure, although it may 
be that a higher proportion of success is obtained 
now that penicillin is employed. How much of the 
freedom from infection following delayed primary 
suture is due to surgery and how much to the use 
of penicillin is not yet known. There are many 
variables in wound-repair, and for this reason 
alone comparison of results with and _ without 
penicillin are difficult, There is, too, the important 
consideration, that the value of penicillin in wound 
repair can only be decided in relation to the infec- 
tion of the wound at the time of repair, Thus, if - 
100 wounds were free from pyogenic cocci and 
were sewn-up without use of penicillin, Grade 1 
union might well be obtained in 95 or so. If another 
100 wounds all containing pyogenic organisms were 
sewn up with the use of penicillin, perhaps Grade 1 
union would be obtained in 70 to 80. If the infec- 
tivity of the. wounds at the time of’ repair was 
ignored, it would be concluded that wound repair 
was more successful without penicillin than with it. 
It is necessary, therefore, to make a comparison of 
penicillin with other methods in a large series of 
wounds in which the bacterial flora is known, 
before an answer is given to prove what we suspect 
—that penicillin makes certain a high proportion 
of success following wound-suture. 


We could summarise our own opinions at the 
present time in the following three sentences:— 


1. Penicillin has been shown to be a powerful 


bacteriostatic. 


2. It should therefore be used as a routine in 
wound repair, 
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3. Its precise value in control of pyogenic value 
in’ wound repair has not yet been assessed. 


Bearing these three conditions in mind, it is of 
interest to find that in a series of 715 wound-sutures 
carried out in the Bari area by specialists, graded- 
surgeons and trainees, and in which penicillin, was 
used as a routine, either by insufflation of powder 
at operation or by subsequent instillation through 
tubes, the result of suture was related to the 
presence of pyogenic cocci. 

The figures are as follows:- 

In 614 clean wounds, 424 were free from pyogenic 
infection as revealed by a wound swab, and 85 per 
- cent. obtained Grade I union (i.e. 85—100 per cent. 
union), 190 were infected and only 62 per cent. 
attained the first Grade. 

In 101 dirty wounds, 52 were free from pyogenic 
bacteria and 80 per cent. of these obtained Grade I 
healing; that is almost the same degree of success 
as was obtained in the suture of uninfected clean 
wounds. The 49 infected dirty wounds did not do 
well, only 37 per cent. reaching the first Grade. 

This can only mean that even in the presence of 
penicillin pyogenic «infection was not fully con- 
trolled. It may be that full control can be achieved 
with greater experience of penicillin therapy, but 
this remains to be proved. 


3. Local versus Parenteral penicillin 

The first conception of penicillin therapy taught 
that the idéal use of the drug was to give it 
parenterally, because in this way penicillin reached 
all tissues in adequate concentration. After some 
months experience in C.M.F, we began to have some 
doubt about this hypothesis. There were two 
reasons for our misgivings. 


The first was that penicillin used parenterally 


did not in fact seem to reach all tissues. D’Abreu, 
Litchfield and Thomson pointed out that parenteral 
penicillin was of little avail in combating infection 


in the pleural cavity. It also became known that it’ 


was of equal unavail in the C.S.F. and inside joints. 
Apart from these special anatomical situations, 
there were sometimes conditions in a deep wound 
where the result of parenteral therapy was dis- 
appointing, Such a condition is well illustrated by 
the gun-shot wound that contains an open fracture. 
Inspection of such a wound usually reveals an 
extensive area of comminuted bone and consider- 
able laceration and bruising of the surrounding 
muscles, which are lifted off the bone for a short 
distance so that a potential space exists around the 
fracture site, The whole area of damaged bone and 
muscle is filled with extravasated blood, and can be 
referred to as the “haematoma region.” Only the 
clot lying in the wound cavity and the larger, loose 
pieces of bone in the surrounding muscle can be 
removed at operation. There remain numerous, 
more or less avascular bone particles in the frac- 
ture, and much extravasated blood among the bone 
fragments and in the damaged muscle. If bacteria 
are carried into this region by the missile, they can 
multiply out of range for the moment of the full 
effect of a blood-borne bacteriostatic that must 
reach them by transudation across the damaged 
area. They may therefore still be active when 
administration of the bacteriostatic is discontinued. 

These observations imply that parenteral penicil- 
lin may not be effective in sterilizing infection 
lying in the hematoma region during the first week 


or so after injury, and this is borne out in practice. 
For example we may quote two cases of through- 
and-through G.S.Ws. of the thigh with compound 
fracture of the femur and small clean flesh wounds. 
In one, the wounds were completely sewn up on the 
fifth day, and 600,000 units of penicillin given 
parenterally over five days. In the other, repair was 
done on the tenth day, and penicillin given for a 
week with a total of 840,000 units, In both the 
wounds united, but on the 15th to 21st day deep 
inflammation was evident, and pus discharged 
through the suture-line, Culture gave a growth of 
staph. aureus, penicillin sensitive, A sinus into 
infected bone developed later, 


Similar observations have been reported’ by 
Furlong and Clark in their War Office report of 
May 1944. Bacteriological data are provided by 
Fraser et alii, who were able to examine fracture 
wounds in the middle of a parenteral course of 
penicillin. They describe three cases where, at the 
end of three days administration (360,000 units), 
swab of the fracture region revealed staph. aureus, 
penicillin sensitive. 

This, and similar, evidence indicates that paren- 
teral penicillin cannot be relied upon always to 
reach all parts of a damaged area, 


The second reason why we began to question: the 
routine use of penicillin parenterally was that a 
considerable number of strains of staph. aureus, 
the commonest cause of wound-infection, were 
found to be resistant to this form of treatment, In 
one experience, 20 per cent of strains of staph aureus 
were resistant to the concentration of penicillin that 
parenteral therapy provides, i.e., 1/10th unit per 
c. cm. But when the concentration of penicillin was 
increased a hundredfold, to ten units per c. cm., 
only half the so-called resistant strains continued to 
grow, and when the concentration was increased 
to 50 units per c. cm., few staphylococci would 
grow. Thus, while 20 per cent. of strains of staph. 
pyogenes aureus could fully resist the concentration 
of penicillin that obtains in parenteral therapy, 
many of these strains could be influenced by the 
increased concentrations that local therapy might 
provide, : 

For these two reasons that we have described, 
penicillin applied locally might be more effective 
than when given parenterally in many conditions. 
Three pieces of clinical evidence can be brought 
forward to show that this is in fact so. 


1. In open fractures. In a consecutive series of 62 
open fractures in which sufficient skin was availa- 
ble for closure, and in which penicillin was em- 
ployed by local instillation through tubes, there were 
only two failures to achieve quiescent healing of 
soft tissues and bone, and these failures were not 
due to infection. As complete a control of infection 
in open fractures has not been obtained by paren- 
teral therapy. igs 


Hendry, Gledhill and Price also have reported 
that in 128 open fractures treated in the same way, 
infection was controlled in 63 per cent. 


2. In the 715 wound-sutures that were discussed 
a few minutes ago, 190 of the clinically clean wounds 
contained staph. pyogenes aureus, Among these 190 
strains of staph. aureus, 33 were “ resistant ”. Suture 
of the 33. wounds, accompanied by the local use of 
penicillin, was followed by the same standard of - 
union as was the suture of clean wounds infected 
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with “sensitive” strains. In other words, in the 
presence of local penicillin the staphylococci did 
not prove resistant, 

3. We have already shown the value of penicillin- 
sulphathiazole powder applied locally at the first 
operation at C.C.S. During our observations of the 
casualties from the Gothic Line battle, 44 cases 
were collected who had had a 3 - 4 day parenteral 
- course of penicillin at C.C.S. In 24 of these cases 
penicillin-sulphathiazole powder had also’ been 
applied to the wounds. Of these 44 cases 12 were 
found to be infected on arrival at Base Hospital, ie, 
about 25 per cent. The number is small, but it shows 
no appreciable difference in infection rate. between 
those cases receiving penicillin parenterally and 
wounds treated with _ penicillin-sulphathiazole 
powder only. 

These conceptions and results justify considera- 
tion of the use of penicillin in high concentration 
locally when such use is possible. 

There are therefore three main conclusions from 
the evidence we have brought forward:— 

1. Penicillin is shown to be an aid to surgery in 
the first operation at C.C.S. 

2. It is believed, but not yet proved, that penicillin 
will control infection in wound repair, and make 
possible a high proportion of successful results, 

3. Penicillin can, with advantage, be used locally 
in some situations. 


DISCUSSION 
Brigadier Edwards 


I believe the work of Colonel Bentley and Major 
Scott-Thomson on the investigation of 1,004 wounds 
is the best contribution that has so far been made 
towards the assessment of the role of penicillin in 
wound treatment, We are very fortunate to have 
such a lucid account of a difficult problem from 
Major Scott-Thomson. This seems to be an appro- 
priate time for discussion to start. : 


Major Shoreston. 

From the neurosurgical point of view we have 
had three groups of penetrating head wounds with 
torn dura. In the first group, penicillin was not used 
at all. In the second group, penicillin was used 
only locally. In the third group, penicillin was used 
both locally and parenterally, 

In the first group of cases, 13 out of 84 died of 
sepsis. In the second group, with local penicillin 
alone, 11% were fatal. In the final group of 119 
cases, the infection rate was 2.5%, and the death 
rate from sepsis was 8%. Out of 119 cases we have 
only lost one from sepsis. 

I think that in the cases apart from penetration 
with torn dura, the results showed gradual impro- 
vement when penicillin was used. That applies both 
to the penetration with dura intact and the scalp 
laceration. The sepsis rate dropped from 8% to 2% 
in the scalp lacerations. 


Finally I would like to say something about the . 


type of cases which we thought penicillin is of use, 
at least in our branch of surgery, There is no doubt 
that it has a prophylactic use, In the problem of 
established infection results have been a _ little 
disappointing, not because penicillin has failed but 
because we have failed to use it correctly. 

The most common form of sepsis we see is the 
almost malignant suppurative encephalitis, You 


They 


have, in addition to the inflamnation, the effects of — 
pressure, and we find it quite impossible in our 
cases to get the penicillin to the focus of infection. 
Out of 30 cases of suppurative infection, the morta- 
lity rate was 76% although treated with penicillin. 
usually developed fatal ventriculitis and 
meningitis, I do think that parenteral penicillin in 
acute traumatic encephalitis is of very great impor- 
tance, and I attribute to that the good results in the 
group of 119 cases. The sepsis rate was less than 1%. 


Major MacPherson 

Colonel Moore’s paper prompts me to report just 
now on the clinical experiment which Major Riddell 
and I carried out at No. 2 General Hospital on 
delayed suture wounds, 

We are treating a series of wounds with and 
without local penicillin and have developed a. 
method whereby deep wounds involving muscle to 
a considerable depth, can be examined bacteriolo- 
gically as often as we wish during the first week 
after complete surgical closure without. disturbing 
the wound at all and without, we believe, contami- 
nating it in any way. It is a development simply 
of the principle of drainage from the very foot of 
a deep wound by a narrow tube down which, with 
full bacteriological precautions, the pathologist can 
obtain samples of the fluid at the bottom of the 
wound, This investigation is still in progress but the 
trend of it is giving us results rather like this. The 
wound which has been carefully closed surgically, 
and has’ been drained in accordance with the prin- 
ciples of surgery has a great capacity for healing 
no matter what organism is present. Like Colonel 
Moore, we have had complete success. It may be 
said in passing, these wounds had all been treated 
before with primary surgery and penicillin powder. 
To what extent penicillin has depressed the virul- 
ence of the organism present I am not prepared to 
say just now. 

Secondly, we believe that the successful closure of 
wounds depends very much more upon mechanical 
factors that upon the bacteriological picture. 


Wounds closed under tension are well known to 
be liable to break down. We have found sutured 
wounds in the perineum and axilla also tend to 
break down, 


In the penicillin wound we have demonstrated 
the disappearance of gram positive cocci after the 
wound is closed, but we have had as well, cases 
treated by penicillin which though appearing to heal 
completely, break down afterwards. We found one 
break down with copious discharge of pus in which 
there was a growth of coliform organism, the same 
organism was recovered from the penicillin which 
had been injected into the wounds. I think it is very 
important that the local use of penicillin should be 
done with the greatest asepsis, and that the princi- 
ple of asepsis must be hammered into all those 
using penicillin in wards and departments, The fact 
that a gram negative bacillus which eventually may 
cause breakdown of the wound can grow it is, I 
think, not sufficiently appreciated by many of those 
who have to do the treatment. 


Colonel Gillespie 

One of the previous speakers has mentioned the 
use of penicillin in transportation. It may be of 
interest to know that some work has been going 
on in the United States for the past few months 
on the administration of penicillin in an emulsion 


of peanut oil with 3 or 4. per cent beeswax. That 
suspension holds up the absorption of penicillin 
very satisfactorily, and a demonstrable blood level 
can be shown 14 hours after initial injection of the 
penicillin in doses of 150,000 units. This treatment 
has been generally used in venereal disease. Gonor- 
rhoea is treated with a large single dose of penicillin 
in the dosage mentioned, and the percentage of 
cures is approximately 100 per cent, Initial injection 
of 125,000 units gave a few failures, but when the 
amount was increased to 150,000 units these cleared 
up, and there were no failures, Syphilis, previously 
treated on 74-day course with 64 injections, is now 
treated with a daily dose of the same amount. The 
results are just as satisfactory as they were previou- 
sly. This method has not, so far as I know, been 
tried in cases of battle casualties, It would appear 
to hold considerable promise. 


Major Donovan 

In my hospital we have just done a series of 590 
delayed primary sutures with very gratifying results. 
When we came to examine our failures, we found 
that the large majority of them were confined to 
hands and feet. We found these hands and feet 
were arriving for delayed primary suture about the 
fourth or fifth day, but the skin was sodden like 
blotting paper, making a satisfactory suture almost 
impossible. We tried dressing them with various 
substances to get the skin hard again, but even so 
the results of delayed primary suture were not 
satisfactory. About that time vaseline gauze was 
being used as a dressing almost exhaustively, and 
I spoke to Brigadier Stammers about it, and he 
very kindly had this stopped. The hands and feet 
then began to arrive in a somewhat better condition, 
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but still a very large number were arriving with 
the skin so sodden that a delayed primary suture 
yas almost out of the question, It seems that this 
soddening of the skin is entirely due to the skin 
secretions themselves. We all know that secretions 
of the hands and feet are copious at all times and 
more copious in times of pain or times of stress. 
My own palms are sweating freely at the moment! 
It is, we feel, a very real problem to know how 
to splint adequately the hand and feet, and still do 
it in such a way as not to retain these secretions,, 
and how to get them back to a base hospital with 
the skin in a fit condition for us to do a delayed 
primary suture. I have been quite unable to solve 
this problem, and I wonder if any of the surgeons 
at this meeting who have been confronted with the 
same problem can give me any help in the matter. 


Major Blackburn 

Regarding doubtless amputations, I was very inte- 
rested in what Colonel MacDougall said. I have had 
only one or two myself, and I have seen one or 
two of my colleagues’. I think it fair to say that 
everybody is disappointed with the result of the 
evacuation of men with double amputations, so much 
so, that in the last two or three cases I have dealt 
with, I have retained them forward for a few 
days and done the delayed primary suture of the 
amputation stumps myself. I believe that this has a 
place. I believe that it is psychologically good, and 
I believe that it is not only easy to do it, but that it 
is easy to get the patient’s confidence and to send 
him back to the base with amputation stumps that 
will allow of quicker evacuation from this theatre, 
and eventually save time in the application of the 
artificial limb, 


WOUNDS OF THE SCALP 


Capt. F. J. GILLINGHAM, RAMC 


Introduction 
When we think of the minor wound at all in the 


light of economy of man-power, it takes a place. 


of increasing importance, for, if treated well, it 


will lead eventually to the least disability. This 
is certainly true of the scalp wound. Efficient 


surgery, carried out within 24 hours of wounding, 
will return a man to duty within ten days, in 95% 
of cases, Delay in treatment by evacuation down 
the line when more serious cases demand the 
most attention will invariably result in sepsis. 
Sepsis in the scalp, certainly before the days of 
penicillin, will keep a man in hospital for two or 
three weeks, irrespective of complications, He loses 
his unit, his friends, and his adaptation for battle, 
factors which can be the basis of malingering and 
neurosis, 

During the last seven months the Neuro-Surgical 
Unit on the Adriatic side has admitted some 2,000 
neuro-surgical cases and, with the help of the 
general surgeons in peak periods, has returned to 
duty some 600 men suffering from wounds of the 


scalp, Primary healing occurred in 95%-98% of 
cases. We have encouraged that all head injuries 
should be sent to the Head Centre, mainly for the 
purpose of sorting, for all missile wounds of the 
head and face require X-ray of good quality, if 
penetration of the cranium is not to be missed, 


Classification 


Scalp wounds according to the mode of injury 
fall easily into two groups, 

The first, Those due to missiles, metal fragments, 
wood, glass and stones. The scalp is guttered or 
punctured according to the direction of the missile. 
Hair and portions of the hat are carried into the 
wound with it. This type of injury is seldom asso- 
ciated with a traumatic amnesia, or with abnormal 
neurological findings, although in a few cases of 
“ gutter ” scalp wounds from bullets we have seen 
transient hemipareses, hemianopias, and hemian- 
aesthesias. 

The second group, Those due to blunt objects, 
from traffic aecidents, or falling rubble, The scalp 
is “split”, and presents itself as a bruised, ragged, 
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linear wound, with off-shoots and tags, with debris 
and hair indriven and often swept underneath the 
wound edge. Occasionally a complete flap of scalp 
is avulsed from the bone. 

This type of injury is more often associated with 
a traumatic amnesia of varying duration, but 
usually without abnormal neurological signs. 


Investigations 

From what we have said, certain investigations 
are obviously necessary before overation is con- 
sidered, 


(1) The history of iniury and the length of 


amnesia. 

(2) General examination for associated 
injuries. 

(3) Mental examination for evidence’ of 


concussion, 

(4) Neurological examination for 
and finally, 

(5) Radiological examination. It is to be re- 
membered that wood, glass and stones are 
all non-opaque to X-rays, and we have 
found each of these in the brain from time 
to time. To render treatment as foolproof 
as possible, all scalp wounds should be 
X-rayed, probed and explored. 


focal signs, 


Treatment 


We have found that the preparation of the wound 
for operation is best carried out in a room set aside 
for that purpose. The scalp is shaved for at least 
three inches around the wound and all long hair cut 
short, The orderly must always wear a mask while 
the wound is exposed and the preparing is going 
on, Regional block local anesthesia was invariably 
used unless the wound involved the region of the ear 
or eye, when general anesthesia was given. A basal 
narcotic such as alopon and scopolamine intraven- 
ously made the procedure easy for both the patient 
and the surgeon. Full aseptic technique in a theatre 
is essential. The scald is cleaned carefully with soap 
and water, and the wound isolated with sterile towels. 
In order to plan the lines of excision parallel with 
the track of the missile, it is a wise precaution to 
probe the wound to ascertain its direction and the 
depth of the foreign body. 


The wound is excised boldly with vertical ex- 
cisions to the bone iust wide of bruised tissue. If 
side-shoots cannot be excised with the main wound, 
they are taken separately. Each layer of the scalp 
must then be examined for bruised tissue, and ex- 
cised if not included at first. At the same time, the 
scalp is not very elastic, and too bold an excision 
may jeopardise the closure. Bleeding is controlled 
by finger pressure, and then by artery forceps 
applied to the galea and thrown back over the 
scalp, or by means of self-retaining retractors. 


All dirt, hair and the foreign body are removed, 
and the wound thoroughly cleaned out by washing 
and wiping. Undermined flaps of scaly or vericra- 
nium must be examined carefully for dirt and 
underlying fractures. 


Scoring of the outer table with ingrained dirt is 
best treated by scraping with a sharp rougine, 


Finally, penicillin and sulphathiazole powder is 
insufflated as a hoar frost, and the wound closed 
in two layers with fine waxed silk and no drainage. 
The galea aponeurotica forms the deen layer and 


is closed with interrupted sutures cut close to the 
knot, while the skin is closed with interrupted 
sutures or a continuous suture, 

The two-layer method of closure gives better 
hemostasis and more approximation, and therefore 
a greater chance of primary healing. 


The wound should be closed without tension as 
far as possible, If closure is difficult, undermining 
in the layer between the galea and vericranium 
will usually solve the problem. Plastic procedures 
may be necessary, and these should always’ be 
adopted if there is a danger of bare bone being 


left exposed in an open wound, Bare bone seldom 


granulates over and often dies. In practically none 
of our- cases did we fail to close the wound com- 
pletely. 


Vaseline gauze dressings tend to keep the wound 
moist, and we have always used a gauze vad applied 
firmly over the wound with a bandage. The dress- 
ing is removed without discomfort or sticking on 
the third day, when the sutures are removed. 


Special Features 

If temporal muscle is involved, it is excised 
conservatively with its fascia in the direction of 
this fibres and the wound treated as before. If pos- 
sible, the temporal branch of the facial nerve 
should be spared to avoid paralysis of the frontalis 
muscle. Lines of excision made parallel to the 
course of the nerve usually spares its destruction. 


Minute metal foreign bodies in the scalp are on 
the whole better left, unless there is doubtful 
involvement of bone. 


Multiple scalp wounds, such as arise from grenade 
of mine wounds, are a difficult problem, for quite 
often, one of them at least, is of a serious nature. 
Good X-rays are essential and those wounds under 
suspicion should be explored. The simple wounds 
are cleaned out with a spoon, and all foreign ma- 
terial removed, 


Post-Operative Care 


The post-operative care and disposal of the 
simple scalp wound can be’ summarised as 
follows :— 


After operation, bed rest until the next morning 
when the patient is encouraged to resume normal 
activity. No chemotherapy is given, and on the 
third day the sutures are removed, and the wound 
redressed only if the stitch holes bleed. Dressings 
can be dispensed with anyway. on the fourth day, 
when the patient is sent to the Convalescent Depot 
for graduated exercise and recommedation for re- 
turn to duty at the latest, on the tenth day. 


For the adequate treatment of minor wounds in 
the forward areas, Convalescent Centres fairly well 
up are essential, and we have been fortunate in 
having these facilities, for at times, owing to the 
demand for beds, cases have been sent the day 
following operation and the sutures removed there, 


The Septic Scalp Wounds 

Casualties arriving from the Balkans in which 
sepsis was the rule rather than the exception, 
stimulated fresh thought with regard to their 
treatment. Some 20 cases were treated in the follow- 
ing manner. The suppurating wounds, in the 
absence of surrounding inflammation, were excised 
boldly through clean tissue to bone, the whole 
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wound or sinus with its foreign bodies being re- 
moved in one. Absolute hemostasis was obtained 
(normally with diathermy), and the wounds sutured 
in one layer without tension as far ags_ possible. 
The burying of silk in these wounds was contra- 
indicated in view of the sepsis. 
No post-operative chemotherapy was_ used, 
the sutures were removed on the sixth day. 


and 
The 
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common organism was the staphylococcus aureus. 

Primary healing was amazingly high and a con- 
servative but rough figure is in the region of 90%. 
This is an approximate figure, The presence of cel- 
lulitis of the scalp around wounds_ presented 
contra-indications to immediate surgery, and was 
dealt with rapidly by means of a three day course 
of im. penicillin 15,000 3-hourly. 


Ce 
PRIMARY CLOSURE OF BATTLE WOUNDS OF THE FACE 


by 


Capt. REX LAWRIE, RAMC 


Introduction 


This is an account of the methods used and results 
of primary closure of battle wounds of the face, 
which has been our routine pratice for over a year. 
Previously, most of the wounds were several days old 
and infected when they reached us, so the only treat- 
ment then possible was a regime of careful ward 
toilets and often several sequestrectomies of maxilla 
or mandible, until healing by granulation was 
complete, usually in 2-3 months. One to four weeks 
later, a formal scar-correction was done. 


In January 1944, a detachment of the team estab- 
lished a forward base at Naples, and we had the 
opportunity of treating fresh battle-casualties often 
within a few hours of injury, thanks to a most 
efficient organisation for sorting and evacuation of 
cases. We then embarked on a policy of early closure 
of practically all facial wounds, which has increased 
in scope ever since. 


Advantages 

1. Quicker recovery, Simple, uncomplicated soft- 
tissue wounds are able to return to duty as soon as 
the sutures are out, with minimal] scar. As is shown 
in Table Il, the average stay in hospital is four and 
a half days for minor closures, six days for major. 
ones. Closure shortens the incapacity period from 
even the smallest wounds and the cosmetic result 
is better, 

2. Reduclion of ward work, Where complicating 
injuries make the patient a long-term case, primary 
soft-tissue closure is a great boon. No dressings are 
needed after the first few days and this is a help 
to the ward staffs and saves the patient a great deal 
of suffering and discomfort. 

3. Fewer complications, In cases involving bone, 
successful closure prevents bone infection, with its 
chronic discharging sinuses, sequestrectomies and 
acute inflammatory episodes, The stage of disfigure- 
ment which used to last weeks or months is reduced 
to a matter of hours. 

4. Optimum time, There is no doubt that closure 
of buccal and other fistulas at primary operation is 
easier and more successful than at the late stage 
when the wound is fibrotic, : 


Technique of Early Closures 


If any facial wound is allowed to heal naturally 
-a scar will result and it is commonly agreed that 
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the only way to avoid scarring from facial wounds 
is to suture a vertically cut skin edge into exact edge 
apposition over a bed of normal subcutaneous tissue, 
with perfect hemostasis, no tension and no infec- 
tion; then to remove the stitches in two or three 
days. For a satisfactory’result, there must also be no 
distortion of the features. That is the basis of all 
scar-corrections. 


A similar procedure can be used to close the 
wound at a primary operation, Under local anzs- 
thesia, a wound toilet is done, the skin edges excised 
and undermined and hemostasis secured by hot 
flavine packs. A subcutaneous tissue layer is then 
fashioned and closed with catgut, the skin accurately 
sutured and a pressure bandage applied. The amount 
of skin excised is not more than would be sacrificed 
were the wound left to heal and a formal scar cor- 
rection done. The obvious difference is the danger 
of infection and it has been found that 48 hours from 
injury is near the upper limit of safety in the 
majority of cases. Up to that limit, primary healing 
in three days may be consistently achieved, The 
cosmetic standard is generally good, but not quite so 
good as that of cold scar-corrections done under 
ideal conditions. 


In battle-injuries, the nasal and buccopharyngeal 
cavities, maxillary and frontal sinuses, mandible, 
hyoid and zygoma are very commonly involved and 
experience has shown that these too may be closed 
with consistent success, after a very careful toilet 
with removal of all loose bone fragments and tissues 
of uncertain vitality, remembering that any dead 
tissue left behind is almost sure to suppurate. In 
antral closures there is generally a gross traumatic 
nasal antrostomy; if there is not, it is wise to make 
one before closing the external wound. In cases of 
mandibular comminution involving tooth sockets, 
bone suppuration is common and it is often wise 
to drain the wound. It is very important to cover 
exposed bone with soft tissues to prevent bone 
infection, 


A post-operative course of oral sulphathiazole, G.1, 
4-hourly for four days is given as a routine. 


Most of the cases here reported were operated on 
in a tented theatre, without using gowns or gloves; 
in any case many wounds involved the buccal or 
nasal cavities. In spite of this, sepsis has been 
conspicuously absent, 


PRIMARY CLOSURE OF BATTLE WOUNDS OF THE FACE 29 


Limitations 


The method is sometimes inapplicable to grossly 
abraded wounds with much skin contusion in sites 
where skin can ill be spared. Mere skin-loss is no 
contra-indication, as partial closures usually hold and 
split-skin grafts can be used to close the residual 
skin defect, As a rule, wounds that are obviously 
infected or over 48-hours old. are unsuitable for 
primary closure. 


One other difficulty is that it is often necessary 
to fit dental splints for iaw fixation within a day 
or two of the injury and the manipulations involved 
endanger the newly healed suture lines, The risk 
of breakdown can be eliminated by a few large-bite, 
deep, stout silk sutures embracing the suture-line, 
which are removed at the end of the operation, 


TABLE I 
Analysis of 8 weeks’ work 


Total No. of cases treated: 379 (Jaw fractures: 89) 
Total No. of operations done: 270 
Cases on whom primary closures were done: 140. 


It will be seen that over half the operations done 
included primary wound closures, 


TABLE II 
Analysis of primary closures 


Total Returned to duty Evacuated Death 
Major alone 21 11 after av. 6 days 8 0 
: 2 (infected) after 12 days 
Compl 41 0 40(\20jaws) 1 
Minor alone 59 583 after av. 4.3 days 3 0 
3 (infected) after 11 days 
Compl 19 0 18(10gensurg) 1 
Total 140 
Results 


Table II analyses the results of these closures. In 
this table, a major closure is defined as one involv- 
ing a compound fracture or antral or buccophar- 
yngeal cavities, The rest, however large or extensive, 
are classed as minor. For instance, one case in the 
series had four lacerations of his face, totalling a 
suture line 12” long; another had a 6” missile track 
involving parotid gland and pinna of ear, with a 4” 
suture line on his face, These were both fit for duty 
in six days. “‘ Complicated” implies a complication 
which inevitably makes the case a long-term one for 
evacuation to base. Multiple closures on the same 
patient are counted as one case. All cases were held 
until the stitches were out and the danger of im- 
mediate infective complications past. They were 
then evacuated to the main section of the unit if 
there was no reasonable prospect of return to duty 
within a week. It will be seen that 60% of major 
and 95% of minor uncomplicated closures were 
returned to duty without evacuation to. base; and 


that in this series, 64 battle casualties of the face, 
treated by primary closure, were returned to duty 
within a week of wounding. 

One of the two fatal cases in the series died of 
bronchopneumonia, In addition to a_ fractured 
mandible, he had blast lung and abdomen and pene- 
trating wounds of eye and knee ioint. The other 
was a case of death from toxemia from multiple 
severe seplic mine wounds, A 3” face wound had 
been closed under loca] anzesthesia. 


Role of Penicillin 


In all the maior closures and about half the minor 
closures in this series, spenicillin-sulphathiazole 
powder, G.3—1 was smeared throughout the wound. 
A previous series of similar cases was done in Jan- 
April 1944, without penicillin or other local chemo- 
therapy and it was hoped that they would provide 
a control series. However in some _ important 
respects they are not strictly comparable; most /of 
them were operated on much later -and cae 
really secondary closures. 

The effect of penicillin is not immediately specta- 
cular and cannot be statistically proved by this 
series of cases, but the following observations 
emerge from a study of the records: 


1. Closures of antral and other comvound face 
wounds, GSWs of mandible etc can be done success- 
fully with or without the use of penicillin. 


2. Local penicillin definitely reduces the inci- 
dence of stitch infection and cellulitis of the. face 
in the region of a major primary closure. 

3. Thus thé standard of the successes is raised; 
but their proportion and the scope of major primary 
closures is not much affected, 


Summary 

1. Judicious careful excision and primary suture 
with the prover materials is of great benefit in 
facial wounds. 


2. For slight wounds it gives the prospect of re- 
turn to duty with good cosmetic result in 95% of 
cases in an average of 4-5 days. 

3. It produces rapid healing of the maior wounds 
safely, with least chance of late infective complica- 
tions and shortens the period of deformity and pain 
from a matter of months to days, 

4. This applies particularly to antral wounds. 

5. Local application of penicillin-sulphathiazole 
powder is of slight but definite value. 
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SUMMARY OF THE RESULTS OF WOUND 


Va cf 


CLOSURE AFTER 


GOTHIC LINE BATTLE 


Capt. G. PARISH, RAMC 


On the instruction of Brigadier Edwards I sum- 
marised the result of delayed primary and secon- 
dary sutures done in 20 General Hospitals and 1 
F.S.U. during the perigd Seplember-October 1944, 
Mainly Gothic Line battle casualties. These I will 
present to you as briefly and concisely as possible. 

Firstly, let me define my terms, delayed primary 
and secondary. The former, i.e., “delayed primary”, 
* was taken to include all wounds sutured within 12 
days of the primary excisions, and the latter, all 
wounds sutured from the 13th day onwards. ‘ 

The results were divided into four groups :— 

1. 100% —90% healing, i.e., a successful suture. 

2. 50% —90% healing, i.e., a partially success- 
ful suture. 

3. Under 50% 
suture, 

The total number of wounds surveyed was 3845, 
and these included fractures as well as flesh wounds. 

The method of suture in over 90% of the cases 
reported, involved the use of penicillin, either by 
insufflation, intubation or parenterally, 

The overall summary is given in Table I, 


healing, i.e., an unsuccessful 


TABLE I 
SR ee en TR ak A REE SN A TL TE SRS 
' | §uceess, |Partial Success. | Failure 
3 2693 587 205 
Delayed Primary Suture. .... 78 % 16 % 6% 
276 96 38 
Secondary Suture......... 67 % 24% 9% 


einen iain 
Here you will note that the results of delayed 
primary sutures are better than those of secondary 
sutures, 
These results are subdivided into those of purely 
soft tissue wounds and those of soft tissue and frac- 
tures, and they are shown in Table II. 


TABLE II. 
TT SS SS 


Success Partial Success | Failure 
With 311 79 39 
Delayed Fracture 13% 18 % 9% 
Primary — 
Suture Without 2382 458 166 
Fracture 79% 15% 6% 
With 44 20 5 
Fracture 64% 29 9 79 
Secondary hi 7 70 
Suture Without 232 76 33 
Fracture 68 % 22% 10% 


<i  eiseice sieeatee cee 

In each group the presence of a fracture lowered 
the percentage of success. 

A thousand consecutive proformee were taken in 
which all the time factors had been correctly given. 
The success rate for the three time groups was 
determined as shown in Table III. 


TABLE III. 
a Time Lag 
8- Primary Excision-| Success Partial Success | Failure 
Primary Delayed Suture 
Excision y | eet 
: 495 83 54 
Under 6 Days 73% 13% 9 % 
Under 
24 Hours 
187 55 23 
6-12 Days 7% 21% 9% 
74 22 6 
" 
24-48 Hours Under 12 Days 73%, 22 %, 5% 
i.e, better results were obtained as those cases 


where the delayed sutures was verformed in the first 
six days. 

It must be borne in mind, however, that no ac- 
count is taken of those wounds unsuitable for suture. 
Brigadier Edwards estimates that 70% of oven frac- 
tures and over 90% of soft tissue wounds were 
sutured in the period under review. 


The success rate in relation to site of wounding 
was also determined, but here again the figures must 
be assessed in the light of the same criticism. 


TABLE IV. 


Results of delayed primary suture of 1,000 wounds 
(including fractures) in relation to site. 


Site Success Partial Success Failure 
NGC Rye 5 s,s Dae 100% 0%, ow, 
HORA hits bas Om 1% 
Shoulders. 0.03.0. 27% a8 2, 6 5, 6 % 
DGe ce ceimemearesiis) i. Pad oe ; ; 
Foot 13% 11% 1% 
APUG ries ehises ts oe od aa “as o% 
Forearm. ... os 18% ions 
Chae ia a's 1S ion $5, 
U. Arm eee ne 0% fia 7%, 
Hand... < 0% 95% A 
Buttock . 6% ok . ie 


SE 
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The number of head, neck and hand wounds is 
too small to warrant any conclusions. Causes. of 
failure of certain wounds were interesting, and can 
be briefly summarised as follows :— 


1. Under tension at the suture line. 


2. Flare up of infection in the depths of the 
wound, 


3. Infection of tube or stitch holes, 


4. The presence of subcutaneous dead space, or 
tenting. 


5. Inadequate hemostasis with clot formation. 


6. The presence of a subjacent fracture (e.g. tibial 
shaft), foreign body or loose bone, 

7. Associated diffuse gross muscle trauma. 

8. Associated large vascular injury. 

9. Inadequate excision at primary operation. 


10. Sharply angled skin flaps of doubtful viability 
which became non-viable on mobilisation and 
suture, 


In conclusion, let me add that no bacteriological 
summary could be made as there were insufficient 
swab results reported to justify any surveys. 


Tuesday, 13 February. 1945 


AFTERNOON SESSION 


Subject: 


Wounds of the Chest 


Presiding : 
Major-General Hartgill, C.B., O.B.E, M.C., KHLS., 
Director of Medical Services, 

AFHQ 
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THE SURGERY OF LODGED INTRA-THORACIC MISSILES 


by 


Lieut-Colonel A. L. D’ABREU, RAMC 


Colonel Churchill (1944) has recently said that the 
surgeon’s focus of attention has moved from the 
pleural space to the Jung in World War Two. 
Although the removal of missiles from the chest is 


by no means the chief surgical task in the care of' 


chest wounds it is worthy of discussion because 
there is a widespread impression that British 
surgeons do not favour the removal of intra-thoracic 
missiles. Of the last 719 chest casualties discharged 
from the thoracic wards of this hospital 137 missiles 
have been removed by thoracotomy or mediastin- 
otomy, Such surgery can only be justified if the 
risks of leaving the missiles is greater than the ope- 


rative mortality or causes a higher morbidity. 
Metallic foreign bodies may cause immediate or 


late complications, In an active theatre of war little 
opportunity exists for the study of late cases: com- 
plications -were relatively common in the case of 
unremoved missiles of the last war according to 
the evidence of J. E. H. Roberts, and C. Price-Thomas 
who have spoken of the late sequels of hemoptysis, 
lung abscess, bronchiectasis and empyema in such 
ex-soldiers treated at Roehampton. Grey. Turner in 
1919 said in a paper on the “ Later Stages of Gun- 
shot Wounds of the Chest (1919)”; “I am more 
and more impressed with the general truth of the 
proposition that sooner or later a foreign body, 
where ever situated, tends to give rise to trouble ”’. 


Of immediate complications in the earlier. weeks 
I have seen death from lung hemorrhage twice in 
non-operated cases, hemoptysis on several occa- 
sions, empyema associated with peripherally placed 
lung missiles ten times, abscess cavities on a 
similar number of occasions and twelve empyemata 
associated with large shell fragments lodged in 
pleural cavities. Of retained mediastinal missiles at 
least six have been associated with abscess forma- 
tion — of these three were cured by early operation 
before the mischief had spread, two were operated 
on late when empyemata and vertebral body 
osteomyelitis were already present and the third 
was associated with an  cesaphageal-pulmonary 
fistula that ultimately proved fatal, A less serious 
problem is the missile impacted in the endo-thoracic 
fascia deep to the rib plane but extra-pleural. In 
addition to causing pain these fragments have been 
associated in seven of our fifteen cases with quite 
considerable extra-pleural abscesses. The association 
of infection with missiles lodged here and in the 
loose tissues around the cesaphagus in the posterior 
mediastinum is comparable with similar infections 
around metal lodged anywhere in the body in lowse 
connective tissues. 


Because of these potential complications and 
because the harbourer of a lodged missile is natu- 
rally anxious about his -state until the metal has 
gone, it has been our practice to remove retained 
missiles of one centimetre or more in size. 


The following table indicates that such operations 
carry less risk than the policy of non-intervention. 


Retained Intra-Thoracic Missiles - 208 cases 


Mediastinal Mi 
Lung Pleural and issiles in 
missiles Missiles Cardiac | endo-thora- 
Missiles cie fascia 
Total number... . 134 27 32 15 
Number operated on 
and removed . . 71 26 ¥e 12 
Number operated on 
and not removed 2 Nil B Nil 
Deaths 
(Post-Operative). . 2 Nil 2 Nil 
The Deaths 
The post-operative thoracotomy deaths in’ the 


lung missile series were in patients with other 
grave lesions. Both had huge metal fragments over _ 
4 ¢c.m’s in size: one died six weeks after operation 
from septicemia due to a_ venicillin’ resistant 
staphylococcus; severe buttock wounds complicated 
this chest wound. The other had a_ shell wound 
abscess of the brain operated on by a_neuro- 
surgical unit prior to admission and an_ infected 
pericardial effusion. It is not unfair to say that 
both would probably have died even if not overated 
on. The two mediastinal deaths are detailed below. 
Both were cardiac injuries, 


Number Operated on and Missile not Removed 


Of the two lung missiles not removed at opera- 
tion each was associated with a large infected 
clotted hemothorax. The operations were chiefly 
for the evacuation of these and a deliberate search 
was not made for missiles, Of the ‘“ failed” me- 
diastinal operations, in one a large foreign body 
lay in the inter-ventricular septum, After the peri- 
cardium was opened it was seen that the missile 
was only removable with the gravest risk of heemor- 
rhage because the left ventricle wall had been 
badly damaged and would not have held sutures; 
death followed from heart failure. The other death 
was an unexpected one following the removal of 
a foreign body from the pericardium which also 
lay partly in the left myocardium. An autopsy failed 
to reveal the cause of the sudden heart failure. 


It can be said with honesty that no death has 
followed the removal of an uncomplicated missile 
except this latter case. The two other unremoved 
missiles were so placed in the mediastinum that 
removal would have been more dangerous than 
abstention: one would have entailed uniustifiable 
risk to the inferior vena cava and another lay deep 
in a vertebral body behind the aorta in a patient 
with an empyema. 
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The Complications of Operative Removal 
(a) Operative 

No serious complication such as hemorrhage has 
been encountered, On one occasion a missile lay 
so impacted in the lower lobe bronchial wall that 
lobectomy was required: The patient made an ex- 
cellent recovery. The chief anxiety is usually that 
of bronchial obstruction by blood or mucus: if the 
bronchi are at all. wet at the close of operation 


bronchoscopic suction is necessary and is done. 


(b) Post-Operative 
The post-operative course is usually surprisingly 
good, Atelectasis, so common after abdominal op- 
erations, is not frequent, It has never occurred, on 
the contra-lateral side, Four post-operalive empy- 
amata have been seen after removal of lung missiles 
but none were serious problems. This in spite of 


our practice of avoiding pleural drainage except 
where missiles are removed in the presence of 


frank empyema. The mental relief of the patient 
after removal of the foreign body is striking, 


Selection of Patients for Operation 

The safety of these major surgical operations 
depends on several factors, Hastily conceived and 
inadequately planned operations are dangerous, The 
time factor, the avoidance of deliberate operations 
until the disordered physiology of the chest and 
of the circulatory system have been corrected, the 
radiological assessment not only ol the exact site 
of the missile but of coincident lung pathology and 
the provision of absolutely safe anzesthesia are all 
of equal importance, In this theatre the generally 
accepted conception of the two-stage operation for 
wounds is most applicable to.the chest casualty: 
at the primary urgent operation the disordered 
physiology and- potential infection are corrected 
by surgical closure of the sucking pneumothorax 


after as adequate an excision as elsewhere, in ad- . 


dition to resuscitation and the careful aspiration 
of heemothorax, Fortunately, the freedom of lung 
tissue from gas gangrene ‘infection and the dangers 
of post-traumatic tension absolves the surgeon from 
any excision responsibility towards the  paren- 
chyma itself. Conscious of his primary duty and 
of the handicap of not having precise radiology 
available, the forward surgeon does not shock his 
embarrased patient by a thorough search for lodged 
missiles unless these are clearly close at hand, but 
devotes himself, as in other wounds, to the perfor- 
mance of the first stage of the operation, 


The Time Factor 


The ideal time for formal thoracotomy or me- ° 


diastinotomy is about 7-14 days after wounding. 

This rather dogmatic choice is made on three 

assumptions: 

(a) That in this period severe’ physiological di- 
sturbances such as a sucking open pneumo- 
thorax and those that follow a hemothorax, 
or heemo-pneumo-thorax and those of surgical 
shock have been adequately corrected. ~ 


(b) The dangerous period of complications such 
as a lung or pleura] infection, the organisation 
of hemothorax clot and the development of 
broncho-pleural fistulae has not yet arrived. 

(c) Radiology and specialised aneesthesia are more 
likely to be available at a special centre than 
in a forward unit, 


The Radiological Assessment 

A radiologist experienced in thoracic work can 
readily locate missiles and indicate the presence 
or absence of such complications as lung abscess, 
lung track, atelectasis, haemothorax or mediastinal 
involvement. He can locate the missile in terms of 
lobe position, relation to fissures, and its depth from 
the surface. In this hospital the exact anatomical 
approach to the metal is decided in the X-ray con- 
ference room after a study of postero-anterior, 
lateral and tangential films combined with an eva- 
luation of the screening findings. There should 
rarely, if ever, be doubt as to whether the metal 
lies in lung, heart, mediastinum or endothoracic 
fascia, It may be mentioned here that intra-cardiac 
missiles of small size are quite easily overlooked 
in the absence of careful screening, Exact markings 
are made of endo-thoracic fascia missiles and the 
final appeal to radiology is on occasions made in 
the theatre where the metal is located by means of 
parallax after the chest has been opened and a 
needle placed directly on the obiect. Vhis is of par- 


ticular value when the metal is surrounded by 
hemotoma formation or calcified glands near the 
hilum and is therefore difficult to palpate with 


exactness. The presence of missile tracks as seen 
on the radiograph has been much studied by Major 
Hodson, my radiological colleague and the pre- 
operative estimation of these provides a useful guide 
at operation, for such tracks are often palpable and 
logically a finger following their course should end 
up at the missile, With increasing experience the 
least difficult of our tasks is the radiological Jocalis- 
ation and no metal fragment has been left because 
its exact location was unknown. 

The reasons for the odd “ failure ” have been 
surgical, i.e., missile in too dangerous a site to 
remove, or deeply embedded in lung in association 
with a pleural empyema, 

The Surgical Technique 

(a) Lung missiles. (b) Pleural] 
diastinal and cardiac missiles, 
fascia missiles. 


’ 


missiles. (c) Me- 
(d) Endo-thoracic 


Certain Factors Common to All 

(1) THE ANASTHESIA 

Pentothal induction followed by _ intra-tracheal 
cyclo-propane is our routine method, Carbon 
dioxide absorption keeps the breathing qcuiet and 
unlaboured. Controlled respiration is used when- 
ever necessary. Positive pressure anesthesia is not 
used, nor do we practise forcible inflation of the 
lung at the close of thoracotomy as there is always 
a risk of forcing plugs of mucus and blood deep 
into the bronchi: we prefer to take off air gradually 
with an artificial pneumothorax set after the chest 
has been closed. ; 


(2) PREFERENCE OF RIB RESECTION TO INTER-COSTAL 
INCISION 

Thoracotomy through the bed of a resected rib 
is preferred because the chest wall closure is easier, 
the incised periosteum being easily sutured, and 
because of the lessened incidence of post-operative 
inter-costal pain, Peri-costa] sutures are never 
employed, ; 

(3) DRAINAGE IS AVOIDED WHENEVER POSSIBLE 

Careful post-operative aspirations combined with 
penicillin instillations, (when indicated) are used 
in preference to drainage except for grossly infected 


-pleural cavities or mediastinal abscesses, 
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(4) PENICILLIN 


(a) General penicillin 
This is used prophylactically if thoracotomy is 
to be done in the presence of chest wall sepsis or 
of lung infection, e.g. abscess seen radiologically 
but not for intra-pleural infections, which always 
respond better to intra-pleural penicillin than to 
general penicillin, 
(b) Intra-pleural instillations 
If at the close of a thoracotomy there is much 
infection around the missile or there is pleural 
infection, 120,000 units in 20 ¢.c.s of fluid are left 
in the cavity after chest closure and air aspiration. 
Its post-operative use is controlled by the bacterio- 
logical examination of aspirated post-thoracotomy 
effusions. 


(c) Local powder 
The bed of the missile after the latter has been 
removed is insufflated with penicillin and sulpha- 
thiazole powder. In the case of the lung missiles the 
bed is obliterated by catgut suture, 


(A) Removal of Lung Foreign Bodies 


The approach depends on the radiological localisa- 
tion. 

“Classical” thoracotomy is not always possible 
and four different approaches have been employed. 
Classical thoracotomy through the 7th and 8th space, 
usually after resection of a long length of rib, is the 
commonest approach, The incision is placed more 
anteriorly or more posteriorly according to radio- 
logical localisation—antero-lateral or postero-lateral 


thoracotomy. For wide exposure we use the Tudor 
Edwards rib spreader; otherwise the single Tuffier 
retractor suffices. ; 


Anterior thoracotomy is employed for missiles 
lying in the anterior half of the lung and for the 
approach to the anterior mediastinum. <A rib is 
resected; if more room is required, one or more 
costal cartilages are divided and the space is widely 
retracted. 

Sub-scapular thoractomy is reserved for missiles 
lying towards the posterior aspect of the upper part 
of the upper lobe. A portion of the 4th or 5th ribs 
is resected and the space widely retracted with 
Tuffier’s retractor. 

The small] inter-costal incision is used for super- 
ficial lung missiles and for some pleural foreign 
bodies; also for missiles localised by needle contact 
done radiologically before operation. With rib 
spreading a surprisingly good exposure can be ob- 
tained, 

Once the pleural cavity has been opened, the 
course of operation depends on what has been 
found. Adhesions are usually divided in the region 
of the lobe lodging the missile, unless the latter is 
readily palpable. Occasionally adhesions have pre- 
sented considerable difliculty, though rarely com- 
parable with those encountered in lobectomy for 
bronchiectasis. After mobilisation the lobe is held 
up in the wound by Duval’s lung forceps. 


Removal of missile and post-operative management. 


Once the missile has been palpated, the lung is 
incised with a knife (diathermy is not available) 
and, rather after Hilton’s method for abscess 
incision, the hole in the lung is enlarged and the 
metal withdrawn. 

Lung vessels have twice required ligation. The 
foreign body bed jis then insufflated with sulpha- 


thiazole-penicillin powder and the dead = space 
obliterated with a few catgut sutures. After pleural 
toilet the chest is completely closed without drain- 
age unless there is gross pleural infection, air is 
then drawn off with an artificial pneumothorax 
apparatus. If missiles are removed in the presence 
of empyemata rib resection and closed drainage is 
usually employed. 


(B) Pleural Missiles 


A radiographic examination on the day of opera- 
tion is an essential as the metal may change its 
lodging, Frequently these metal fragments are 
associated with empyema and because of this they 
should be removed as early as possible (note that 
of 27 diagnosed pleural missiles, 26 have been 
removed); if an empyema is present the pleural 
cavity is cleared out by clot clearance operation 
and the metal removed. Small empyema cavities are 
not drained but treated by the penicillin aspiration 
technique (d’Abreu, Litchfield and Scott-Thompson, 
1944), Large cavities are drained by the closed 
method. If the pleura is clean or the site of simple 
hemothorax the metal and fluid are removed and 
air drawn off by an artificial pneumothorax. set 
after closure. 


(C) Mediastinal and Cardiac Missiles 


In no instance has the sternum been split: in one 
case the metal was seen lying deep to sternum in 
the pericardium. After exact pre-operative localisa- 
tion a disc of sternum was trephined, the hole 
enlarged with Trotter’s nibblers and under radio- 
logical screening in the theatre the metal was 
localised by needle and removed. For pericardial 
and most superior mediastinal missiles the approach 
had usually been extra-pleurally after resection of 


the appropriate costal-cartilage and rib, ligation 
and division of the internal mammary vessels 
followed by rib spreading: occasionally the ex- 


posure is increased by dividing another cartilage. 
No hesitation is felt about opening the pleura if such 
a® procedure helps the approach and this is fre- 
quently done for the pericardial missiles: in such 
cases the pericardium is left open to drain into the 
pleural cavity where post-operative aspiration is 
readily done. By these methods shell fragments have 
been removed from the Thymus, from beneath the 
superior vena cava, from the vicinity of the aortic 
arch and from the pericardium: one particular inte- 
resting case was an Indian soldier whose foreign 
body lay within the lumen of the right subclavian 
vein which was sutured after its removal without 
the development of oedema of the arm. 
Occasionally metal in the superior mediastinum 
has been removed through a low collar neck incision, 


Missiles in the posterior mediastinum are removed 
through the classical transpleural thoracotomy 
approach. They have been removed from para- 


cesophageal positions from the vertebral bodies and 


from alongside the great vessels. 
Cardiac missiles. 

Seven have been seen and three are in hospital 
at the moment. None has been removed successfully, 
Two operations have been done with two deaths as 
already described, Most of these patients have shown 
clinical cardiac enlargement and_ electro-cardio- 
graph evidence of muscle damage: the enlargement 
slowly subsides under complete bed rest and our 
impression now is that removal should not be 
attempted at this level.. 


D 
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(D) Metal in the Endo-Thoracic Fascia 


These are localised radiologically usually by 
placing a needle directly on to them, If the effusion 
around the missile is infected a thorough toilet is 
done and the wound closed competely by the peni- 
cillin instillation tube technique, drainage being 
reserved for the larger cavities, It is always impor- 
tant to resect fractured rib fragments which are 
common associates. Familiarity with the radiologi- 
cal appearances,of extra-pleural effusions is a great 
help in the exact localisation of these oddly situated 
missiles. On four occasions the missile lay in front 
of the neck of a rib and costo-transversectomy was 
necessary to provide access for removal. 


SUMMARY 

1. The early complications of retained intra-tho- 
-acic missiles are, heemoptysis, pleural empyema, and 
lung abscess, infected extra-pleural effusions, and 
the mental anxiety of the patient. 

2. Removal of missiles of one ¢c.m, or More is 
safer than leaving the missiles in sifu and carries 
less risk of later morbidity. 

3. In the last 719 chest casualties 137 have had 
missiles removed. Seventy-one were removed from 
the lung. There were two post-operative deaths due 


Le 


partly at least to associated non-thoracic lesions. 
Twenty-six were removed from the pleura with no 
deaths, Seventeen were removed from the media- 
stinum with death in one instance following the 
extraction of a shell fragment embedded in the 
pericardium and in the left ventricular wall. One 
large fragment in the heart (inter-ventricular 
septum) was operated upon but not removed owing 
to the friable state of the myocardium: the patient 
died the next day, Twelve missiles were removed 
from the endo-thoracic fascia without a death. 

4. The selection of the patients for operation is 
made on the site and size of the missile, after the 
early physiological derangements have been correc- 
ted and a very careful radiological assessment has 
been made. 

5. The technique of the operative procedure and 
the post-operative management is briefly discussed. 
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CLOTTED HAEMOTHORAX 


Major W. F. NICHOLSON, RAMC 


Introduction 

The clotted, multilocular or.“ organising ” heemo- 
thorax is a condition which is sufficiently common 
to demand our attention. Though spontaneous 
absorption does occur slowly in some cases, in the 
majority infection is present and the neglected 
clotted haemothorax is a common cause of empyema, 
The infection is often low grade in these cases, so 
that pus is slow to form; penicillin. still further 
delays the onset of suppuration, But in many cases 
an empyema eventually is formed, Evacuation of the 
clot and local chemotherapy will frequently prevent 
an empyema from developing, especially if the 
operation is done in good time. It is therefore 
important that these patients should be evacuated 
to the Base as soon as they are fit to travel, if possi- 
ble, not later than the tenth day. Once suppuration 
occurs, though surgery may still be of value in limit- 
ing the infection, it is unusual to avoid drainage 
of the pleural cavity. 


INCIDENCE 

There were 93 clotted or loculated cases in 1,027 
consecutive hemothoraces (9%). Though there were 
other small basal clots which were never confirmed 
by operation, these raised no special problem and 
have not been included. 


PATHOGENESIS 
Clotting is twice as frequent on the right as on the 


left side, There were 61 right and 32 left clotted 
heemothoraces, Though there is a higher percentage 


of fluid hemothorax on the right, owing to the 
greater mortality in left-sided wounds, it is only 
56% right to 44% left, so that there is a real increase 
in the incidence of clotting on the right side. We 
have been impressed with the association of clotting 
with thoraco-abdominal wounds on the right. It 
may be that it is only the greater tissue damage 
that favours clotting, but the most likely explanation 
is the low grade infection associated with, liver 
wounds. Though it did not appear. at first that 
infection favoured clotting, there is now no doubt 
that low grade infection is very common, In over 
three-quarters of the cases in which we have eya- 
cuated clot, organisms have been found in either 
the clot or fluid, or fibrin peeled away from the 
lung surface; the organism most frequently found 
is the staph. aureus. This is an organism which 
produces no fibrinolysin, so that it is not surprising 
to find it. present in these cases, Low grade infection 
is therefore common in the clotted haemothorax, not 


infrequently associated with a_ retained foreign- 
body. 
MorBip ANATOMY 
There are two distinct types:— 
(a) The multilocular haemothorax in which 


fibrin webs divide up the pleural cavity 
into many loculi, each containing a little 
liquid blood, Here aspiration is tedious and 
frequently unsatisfactory, moreover some 
loculi may be infected and others sterile, 
till later on the whole pleural cavity 
becomes infected. 
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(b) The rarer type — a hematoma, in which 
the blood clots to form a solid clot usually 
in the postero-basal part of the pleural 
cavity; serum which separates from the 
clot floats to form a separate loculus in 
front. 


DIAGNOSIS 

This depends on a difficult or failed attempt at 
aspiration, both posteriorly and in the axilla. In the 
loculated type fluid may be tapped, but very soon 
ceases to flow; perhaps 20 to 30 c.c.s. is as much 
as can be aspirated at each site. The fibrin webs 
block the needle, Even with a wide-bore needle, 
though more fluid can be aspirated it is rare for 
the hemothorax to be completely evacuated. Clots 
in the aspirated fluid are good evidence of other 
clots remaining in the pleural cavity. In the hema- 
toma, aspiration is usually unsuccessful except for 
serous fluid from an anterior puncture. Sometimes 
the needle can be felt to impinge on a solid clot. 
X-rays of the loculated hemothorax are so typical 
that they are readily recognised. 


Case report:—This patient was wounded at El 
Alamein in Oct., entry wound in the neck in the 
right posterior triangle, the missile retained behind 
the lower end of the sternum. One month later, 
when he came to us, he had a loculated haemothorax. 
He continued with low fever till the haemothorax 
was evacuated. The X-rays show a typical loculated 
heemothorax. No organisms grown from the clot or 
fluid in this case. ; 


It is the solid clot which is more frequently 
missed. Here there is basal opacity, typically extend- 
ing up in the posterior gutter so that it tails off 
above. This is frequently thought to be thickened 
pleura, or a thin layer of fluid; but irregular air 
spaces in the opacity are typical of clot. The pleura 
is not sufficiently thickened at this stage to cause 
such a dense opacity, which must be either due to 
fluid or clot. If no fluid can be aspirated, it must 
be clot. 


Case report:— This officer was wounded in Feb 
44, a perforating GSW on the right from the 6th 
space in the mid-axillary line to the 10th space 
in the scapular line. X-rays show a clotted hzmo- 
thorax — this was chiefly solid clot. Three aspira- 
tions, all difficult, yielded only a little fluid, and 
clots. Gr+ve bacilli and pus cells were present. 
Operation showed a solid haematoma. Evacuation 
of clot and decortication. 


Fever to 100° is usual, and does not necessarily 
indicate that infection is present, though it is com- 
mon enough, 2 


TREATMENT _ 

Conservative 

There is no doubt that some clots are absorbed 
slowly; twelve of the larger and many small basal 
clots have been treated conservatively: but absorp- 
tion of large clots is slow and usually leaves pleural 
thickening with limitation of movement, This is not 
surprising when we consider the frequency of low 
grade infection in such cases. The tragedy of con- 
servative treatment when generally applied is that 
many cases will ultimately develop empyemata, at 
a stage when the chest wall is already “ frozen” by 
thickened pleura, As Col, d’Abreu and his colleagues 
have stressed in a recent article, fibrin is very 


excessive in these empyemata, which are often very 
loculated. Drainage is therefore difficult and may 
be impossible without breaking down some of the 
fibrinous septa. 


Operative measures 

Though penicillin may sterilise many of the loculi 
in a loculated haemothorax, it does not always reach 
the centre of fibrin clots. These, therefore, remain 
a source of infection. It is therefore generally 
agreed, amongst surgeons, that the clots should be 
removed, Thoracotomy with evacuation of all clot 
and fluid greatly decreases the risk of an empyema 
developing. The controversy arises over the treat- 
ment of the empty pleural space, and here there are 
two policies. One is to close the chest, leaving peni- 
cillin in the dead space, repeating aspirations with 
penicillin replacement till the lung expands to obli- 
terate the dead space. The other is a more radical 
operation, by which the lung is encouraged to 
expand immediately so that no dead space remains. 
This is decortication. At our Centre we have fayou- 
red decortication, because we have been impressed 
with the toughness of the fibrin lying on the visceral 
pleura. When this is stripped away, a normal thin 
shiny visceral pleura is displayed and the lung 
expands easily, Moreover, organisms are frequently 
grown from this fibrin ‘“ peel’? even when they are 
not present in the clot or fluid, 

Case report:— This man was wounded in May 
44, GSW with entry over the left shoulder and the 
missile retained in the body of the 7th dorsal 
vertebra. Complete collapse of the left lung with an 
uninfected hemothorax, Thoracotomy for removal 
of the missile two weeks after wounding; a decorti- 
cation was done at the same time although the fibrin 
was not very thick on the lung surface. A pure 
growth of hemolytic staph, aureus was obtained from 
the fibrin “peel”. X-rays show the post-operative 
“ace no empyema, and at Con. Depot six weeks 
ater. 


Thus, a more complete operation not only allows 
immediate lung expansion, but also removes more 
infected material. If a pulmonary foreign body has 
to be removed, or a broncho-pleural fistula requires 
repair, suturing of the lung is much more satisfactory 
after the fibrin has been stripped from its surface. 
When the operation has been completed, the lung 


is expanded by the anesthetist and the chest is 


closed with temporary intercostal drainage for the 
first two or three days. 


Case reports:— (1). Wounded end of Oct 44 by 
mortar, entry in 7th space left paravertebral line, 
a small foreign body retained in the lingula lobe. 
Four aspirations with penicillin replacement, getting 
increasingly difficult, before operation three weeks 
after wounding. Large basal hematoma (two pints) 
with an anterior collection of fluid and fibrin, Staph. 
aureus grown from blood clot, “ peel” and fibrin 
clot, but not from the fluid. Decortication; Fever 
settled promptly. Con. Depot six weeks later. 


(2) Wounded end of Sep 44, entry in right anterior 
axiliary fold, a fragment being retained in the right 
posterior chest ‘wall. Four small aspirations of a 
loculated partly clotted right haemothorax, the fluid 
containing pus cells but sterile, Six weeks after 
wounding, thoracotomy, A loculated hzmothorax, 
with the lung adherent along the oblique fissure 
(site of entry) but elsewhere collapsed. Clot in the 
basal cavity and loculated fluid and clot in the upper, 
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Decortication and temporary drainage (four days). 
Though the clot and fluid were sterile, non-hem. 
streptococci were grown from the “ peel.” X-rays 
show subsequent expansion of the lung, no empyema 
developed and fever settled very soon after opera- 
tion. He remained well during two month’s observa- 
tion, when he was downgraded to Category BI. 


One criticism of the method is that there is a 
theoretical danger of insufflating septic material 
into remote bronchioles when pressure is applied 
by the anesthetist; we believe that this is not a 
real danger in most of these cases; the lungs are nol 
wet, and are in no way comparable to the septic 
bronchiectasis of civilian practice, Routine post- 
operative bronchoscopy in a series of cases showed 
so little secretion that it was considered unnecessary. 


Another criticism is that a wounded lung .requi- 
res time to heal, and it may be betler to leave il 
collapsed until healtng is complete. 


The experimental work of Montgomery suggests, 
on the contrary, that the process of repair in lung 
wounds will be quicker and more complete in the 
fully expanded lobe. The conditions which encou- 
rage healing in a tuberculous focus are not necessa- 
rily of equal value in war wounds. 


Unfortunately in so many of these cases it is the 
lower lobe which bears the burden, even when the 
wound has been of the upper lobe alone. Often the 
upper lobe is expanded, but the heemothorax has 
prevented the lower lobe from expanding. So that 
the healthy lobe remains collapsed till the clot is 
removed; but even with a wounded lobe, if it is 
collapsed, by the time the decortication is done — 
not usually till three to four weeks after wonding — 
the wound track will not be disrupted by the pres- 
sure necessary to expand the remaining lung. That 


this is true we have observed many times, when a 


waist-like constriction, corresponding with the 
healed wounds has appeared in a lobe which has 
otherwise expanded satisfactorily, 

A further criticism is that to disturb the walls of 
an abcess cavity is bad surgery, and that to do so 
invites dissemination of the infection. It may be 
that here penicillin (both local and systemic) has 
enabled our patients ‘to withstand our onslaughts; 
but there are certain features of the fibrin coat on 
the surface of the lung which are auite different from 
the walls of an abscess cavity. The fibrin settles on 
visceral pleura long before infection occurs — in 
every hemothorax, infected or sterile, fibrin is de- 
posited on the lung. As infection progresses (espe- 
cially if fibrolysins are absent as in staph. aureus 
infection) more fibrin is denosited together with 
other inflammatory products, But in the majority of 
cases the pre-septic deposit of fibrin forms a barrier 
between the visceral pleura and the empyema 
cavity. This explains why in many cases it strips 
so easily from the lung with very little bleeding 
leaving a normal shiny visceral pleura beneath, 

Finally, although decortication may expand the 
lung, it may leave pleural pockets where pus accu- 
mulates if an empyema forms, This is true: unless 
complete expansion occurs such pockets may 
remain. They are usually small and situated com- 
monly at the apex, at the anterior costo-phrenic 
angle, and at the base. Even if one or all these 
pockets required drainage it is still true that the 
patient may be more fortunate than he. would be 
waiting for spontaneous re-expansion to occur with 


a total empyema. We drain the pleural cavity with 
intercostal drains at these three sites, so that if an 
empyema does form it is usually quite small. But 
in the. majority of cases (30 in 47) an empyema 
has not formed after thoracotomy and decortication 
in the clotted heemothorax. 


Case reports:— This man was wounded on 20 
July 44, Left thoraco-abdominal with wound of the 
stomach, One month later arrived at the Chest 
Centre with a clotted pyothorax, Rib resection, clot 
scooped out and water-sealed drainage. Pneumo- 
coccus only grown from the pus. Two weeks later 
there was no appreciable expansion of the atelecta- 
tic lung. Decortication was easy. Intercostal drainage 
in 4th space in front and posterior drain replaced. 
Streptococci grown from the peel. The lung expan- 
ded well, the anterior drain being removed after 
two months, when a sinogram showed no remain- 
ing cavity, There was still a posterior tube track, 
so that a small basal tube was required, General 
condition excellent. This is a case in which drainage 
was not avoided, but re-expansion accelerated. 

(2) Wounded 12 Dec 44, entry 6th space anterior 
axillary line on the left, the fragment perforating 
the upper lobe, and lying in the posterior triangle 
of the neck on the left. Aspirated five times before 
arrival at the Chest Centre on 30 Dec. He now had 
a loculated pyothorax, with a pleural hernia into 
the neck, Thin pus was: aspirated from - the 
anterior loculus, yielding coliforms and diphther- 
oids, Thoracotomy on 6 Jan 45, evacuation of basal 
clot and anterior clot and pus, The upper lobe was 
adherent at the entry wound, otherwise the lung 
was quite flat. Rib fragments embedded in the upper 
lobe were removed. Easy decortication and com- 
plete expansion. Temporary drainage in front in 
the 2nd and 6th spaces, and behind in the 9th 
space. The front drains were removed on the fifth 


day and the posterior on the ninth, when the 


foreign body was removed from the neck. 


Simple evacuation of clot and closure is success- 
ful in the basal clotted haemothorax, but where a 
whole lung is collapsed there is great advantage in 
getting the upper lobe expanded as soon as possible. 
Return of the lung to full activity is thereby effected 
at a much earlier stage than can be attained with 
conservative treatment, As Colonel Churchill has 
written: “The change of the focus of attention 
from pleural space to lung stands as one of the 
important achievements of the military surgeon of 
World War II, The point of view that holds a lung 
injury to be progressing satisfactorily as long as 
pleural infection has not supervened is no longer 
tenable.” 


Summary 

(1) Nine 
clotted. 

(2) Infection is common — often’ low grade. 
Seventy-five per cent. of clotted hamothoraces were 
infected. 

(3) There are two types — the 
partly fluid; and the solid hematoma, 

(4) The diagnosis is discussed, 

(5) Evacuation of clot by thoractomy and decorti- 
‘ation is recommended for large clots. 

(6) The arguments for and against decortication 
are reviewed. 


per cent. of all heemothoraces are 


multilocular, 


—— 
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POST-OPERATIVE TREATMENT OF CHEST WOUNDS IN FORWARD AREAS 


by 


Capt. F. HODGKISS, NZMC 


Introduction 


In the short time at my disposal I wish to speak 
about post-operative treatment of chest wounds in 
forward areas. 

A successfully treated 
soundly healed chest wall, 
a dry uninfected pleura 
function. 

The actual surgical operation is but one incident 
in the chain of events leading to complete recovery. 
A successful operation may be ruined by inexpert 
or inadequate post-operative treatment, and day to 
day observation and adjustment must be carried’ out 
to ensure a successful end result, 


chest wound implies a 
a fully re-expanded lung, 
and normal respiratory 


Post-Operative 


If the chest has been opened, gentle inflation of 
the lung by the anesthetist as the chest is being 
closed at the end of the operation is helpful in reduc- 
ing the size of the resulting pneumothorax, Or 
alternatively, aspirating air from the closed chest 
by inserting a needle into the second intercostal 
space in front, may be done. 

On recovery from the anesthetic and shock, if 
it be present, it is customary to nurse the patient in 
a sitting-up posture in bed. Though it may _ be 
uncomfortable for the first twenty-four hours, the 
patient soon finds that he can breathe better this 
way and becomes accustomed te the posture. Any 
blood in the pleural cavity then gravitates to the 
lowest part of the chest which is posteriorly, in the 


angle between the diaphragm and the posterior 
chest wall, and it is from this position that it is 


sasiest to aspirate, In this position also the patient 
‘an be examined with a minimum of disturbance. 


If a severe intrathoracic wound has been repaired 
the patient may suffer from breathlessness for the 
first twenty-four hours and require oxygen by a 
B.L.B. mask, though it is usual to find that he is in 
much better shape after ae operation than before 
it. Morphine in doses of Grs. '/, to Grs. + may be 
required three or four times in the first twenty-four 
hours if in much pain. 

After twenty-four hours, X-ray films’ P.A. and 
lateral should be taken with the patient in the sitt- 
ing-up position to see the quantity of fluid, the 
amount of air, and the degree of re-expansion of 
the lung present. This cannot be done in an F.S.U. 
working with a Field Ambulance or F.D.S. as there 
is no X-ray apparatus available, and one must rely 
on physical signs which are often misleading, no 
matter how skilled the examiner. X-ray is available 
at-a C.GS: 

There is practically always residual blood present 
in the chest ranging in quantity from three to thirty 
ounces or more, and varying volumes of air. This 
is better removed along with the air to allow the 
lung to re-expand as soon as possible, and aspiration 
can be commenced twenty-four hours after operation. 


Aspirction 


Aspiration of fluid from a chest can be easy and 
painless to perform if a correct technique is mastered, 


Instruments. 

A 50 ce or 20 ce Record Syringe with a 3- inch 
needle of 2.1 mm bore is satisfactory, 

A two-way tap which fits the needle and syringe 
is interposed between syringe and needle and about 
9 inches of fine rubber tubing is fitted to the outlet 
stem of the tap and leads into a sterile bowl or mea- 
sure to hold the fluid. 

A 2-ce or 5 cc syringe fitted with a fine bore 
needle 12 or 2 inches long is used to iniect 2% 
local anesthetic into the selected intercostal space. 
Novutex causes pain whilst injecting, planacaine or 
procaine does not, 

The patient is sat forward in bed with three ,pil- 
lows in his lap for him to rest his arms over. If 
available P.A, and lateral X-ray films are examined 
to determine the position of the diaphragm and the 
level of the fluid and its relation to the ribs. The 
ribs are counted on the film and also on the chest 
itself beginning with the twelfth, and the exact site 
of puncture is determined. If there is any difficulty 
in obtaining fluid in the scapular line posteriorly, 
puncturing in the mid-axillary line at the same 
level as before is usually successful. It is best to take 
off as much fluid and air as possible, without air 
replacement, in a simple hemothorax, and if the 
patient complains of discomfort or tightness in the 
chest, a few minutes pause in the operation eases 
this discomfort. Pain referred to the tov of the 
shoulder may be caused by the exploring needle 
impinging on the diaphragm, whilst pain referred 
to the upper abdomen is caused by pressure of the 
needle on an intercostal nerve. The remedy is 
obvious. 


Penicillin = 

At the end of the aspiration, penicillin is hijo 
into the pleural cavity. Different workers use 
varying amounts from 30,000 units to 60,000 units. 
I do not know as yet the optimum dose nor the 
optimum quantity of fluid in which to dissolve the 
penicillin, 

One has found that a very small quantity, 5 minims 
of 10% silver nitrate injected into the pleural cavity 
provokes a greater fluid reaction in the pleura than 
the same quantity and the same strength of silver 
nitrate followed immediately by 12 ccs of normal 
saline, 

One is inclined to think it is concentration rather 
than quantity of reagent (within limits) put into 
the pleura which determines the fluid reaction. Col. 
Bentley’s work suggests that it is the quantity of 
diluent introduced into the pleura which determines 
the fluid reaction. As our object is to get a dry pleura 
and re-expanded lung as soon as possible, sspialion 
every second day is usually necessary. 

The patient should be encouraged and shown how 
to keep his spine straight and to use the affected 
side of his chest. Much of this can be done in the 
early days of his treatment. 


Failure aspirate: 
The common cause of failure to aspirate success- 
fully is that the chest is needled. too low, and in 
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the absence of X-ray films, it is better to try the 
8th or 7th intercostal space rather than the 9th, 
as in the majority of cases of hemothorax the 
diaphragm on the affected side is raised, 


Breathlessness and Cyanosis 


If breathlessness or cyanosis becomes obvious, 
search must be made for the cause. Some patients 
show marked cyanosis when taking sulphonamides 
in full doses, but it is necessary to exclude other 
causes before blaming the drug. The development 
of a tension pneumothorax, paradoxical breathing, 
a sudden accumulation of fluid in the chest, the 
development of an aspiration pneumonia on_ the 
contra-lateral side, or a massive atelectasis on the 
injured side will produce such symptoms. 


These causes can all be determined by a clinical 
examination and treated accordingly. 


Atelectasis 

The incidence of pulmonary atelectasis occurring 
during the course of treatment of chest wounds in 
this theatre of war as quoted by other observers, 
d’Abreau Litchfield & Hodson, is high, and my own 
cases show a similar high incidence. Abdominal 
casés also are exhibiting this troublesome _ post- 
operative phenomenon in a disconcerting frequency. 


On casting round for a cause, one is struck by the 
prevalence of catarrh of the upper respiratory tract 
and the bronchial tree, even in the summer months, 
and more so in the winter months in Italy. 


On examination of the sputum mugs in the ward; 


one finds tenacious, mucoid sputum produced by 
other as well as chest cases, 


It is reasonable to suppose that such secrelions 
are retained in the bronchial tree during the period 
of angesthesia, causing bronchial obstruction with 
consequent atelectasis. In many cases the patient is 
too long under the influence of the anesthetic after 
operation. : 


To attempt to combat this atelectasis, the anzes- 
thetic used should be one from which the patient 
“recovers very quickly, and he _ should be_ partly 
awake by the time he returns to the ward, 


The passage of a long gum-elastic catheter into 
the bronchial tree and suction applied to aspirate 
excess secretion and blood is a good practice at the 
end of the operation. 


The anesthetic of choice for chest surgery is 
cyclo propane as this is non- irritating, allows the 
use of .a high oxygen percentage, there is quiet 
respiration and the patient recovers quickly from 
the anesthetic. Cyclo-propane is not available in 
an F.S.U, or C.C.S. in forward areas. 


Movement 


Tight bandaging of upper abdomen: and_ chest 
restricts movements of diaphragh and ribs, and 
may lead to a stasis of secretions in the bronchi of 
the lower lobe. The day after operation ,movement 
of the.patient should be commenced. The back-rest 
and supporting pillows are removed from the bed 
and the patient is laid gently down in bed on his 
side, with his affected side uppermost and his head 
resting on one pillow. After ten minutes in this posi- 
tion, he is rolled gently over to lie on the opposite 
side for a similar period, then he is gently raised 
back into his sitting-up position, This manoeuvre 
can be done twice the first day, later three times a 
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day and for longer periods, Sometimes the amount 
of sputum coughed up during and after this move- 
ment is quite considerable, but even if no sputum 
is coughed up at first, it is worth while persisting 


with this posturing, If a definite atelectasis is 
present, persistent posturing for longer periods is 


indicated to allow the affected bronchus to drain 
into the main bronchus. 


Expectorant 


If the sputum is tenacious and causes the patient 
great distress in trying to expectorate, a simple 
expectorant of Sod. Chlor. Grs. X, Sod. Bic. Grs. XX, 
Chlorof: Water 4 oz, taken in half-a-tumbler of 
hot water, or ammon. carb, Grs. X taken in milk 
four times daily makes matters easier for him. 


If pain, due to injury of the chest wall, is prevent- 
ing effective coughing, this may be alleviated by 
local injection of the intercostal nerves SUD ae 
the affected area. . 


Also small doses of morphine Grs. 1/12 or Gr, 1/8 
are effective if there is pain in the region of the 
sternum, These doses do not depress the cough 
reflex 


Infection of the pleura 
This must be regarded as a serious complication 


of a chest wound. Intra-pleural penicillin therapy 


appears to be of value in this condition. If the fluid 
in the pleural cavity becomes infected, aspiration 
must be persistent to reduce toxicity and to reduce 
the quantity of fluid present to a minimum, in order 
to allow the lung to re-expand as much as possible 
so that a localised rather than a total empyema 
results. Rib resection and drainage at this stage is 
dangerous and is contra-indicated. 


Frequent and thorough aspiration at this period 
usually results in a clinical improvement in the 
patient, so that he can be evacuated to a chest 
centre or general hospital where drainage can be 
done at the appropriate time. If, however, the 
patient remains very toxic in spite of repeated 
aspirations, or if he develops a_ broncho-pleural 
fistula, then drainage must be done at once, A per- 
sistent cough with copious blood-stained sputum 
and breathlessness in these cases usually indicates 
the presence of a broncho-pleural fistula. 


Insertion of intercostal catheter 


A size 28 Malecot catheter is introduced at the 
appropriate site by means of a thoracic trocar and 
cannula using local aneesthetic and attached to an 
underwater drain so that pus and air can drain 
continuously from the chest, and the intra-pleural 
pressure will tend to become less than atmospheric 
and will encourage the lung to re-expand, This will 
necessitate keeping the man in a forward area longer 
than he would otherwise stay. 


Conservative surgery in forward areas 


In forward areas the aim of the surgeon in deal- 
ing with chest wounds is to make the patient fit 
for transport in the shortest time possible, conse- 
quently his surgery must be conservative. A patient 
with a major thoracic wound is rarely fit to travel 
to a base hospital in time to have delayed primary 
suturing done to large chest wall injuries, so this 
can quite well be done in a forward unit, provided 
that the unit is not pressed for beds and no big 
action is in progress, 
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Transport 


The evacuation of chest cases to a special centre 
where adequate facilities exist for continuing treat- 
ment, dealing with the complications, and making 
the man fit again, has its problems. The earlier the 
case arrives at such a centre, the better, but there 
are a few cases of a major thoracic wound which 
are well enough in less than seven to ten days to 
bear well, long ambulance journeys. 


Air evacuation of a patient with a pneumothorax 
is dangerous if for any reason the ’plane has to 
climb to a higher altitude than usual, as_ the 
pneumothorax becomes! larger, and the patient suf- 
fers from dyspepsia. 

When lines of evacuation become long and diffi- 
cult, the question arises: should the patient travel 
to the chest centre or should the chest centre move 
up nearer the patient? There is much to recommend 
the latter. 


THORACIC TRAUMA 


Major MAXWELL TELLING, RAMC 


“The point of view that holds a chest injury to 
be progressing satisfactorily as long as_ pleural 
infection has not developed is no longer tenable. 
Every consideration is now given to the restoration 
of full lung function. The change of the focus of 
attention from the pleural space to the lung stands 
as one of the important achievements of the military 
surgeon in this war.” — Colonel Edward D. 
Churchill, Surgical Consultant to the U.S. Army, 
Mediterranean Theatre. 


Thoracic Trauma in Forward Units 


Reception must be handled by an experienced 
officer, who for obvious reasons may be a medical 
specialist. So far as the actual wounds are concerned, 
the majority present no problem: excision is the 
rule, and the wisest rule, Certain wounds, however, 
do not require excision: the clean T/T wound 
usually due to a rifle, revolver, or M.G., bullet, with 
clean drilled small neat holes of entry and exit and 
no bony trauma; and the entry only wound of 
similar aspect, usually due to a small piece of metal, 
where pleural penetration has occurred. 


These will heal rapidly with local penicillin or 
sulphanilamide powder and a dry dressing, The 
lung injury is a pulmonary hematoma with effusion 
of varying size. Needless to say, these patients must 
be watched for signs of hemorrhage, and X-rayed 
if necessary. Here I may say that it is desirable but 
not essential to X-ray every patient before operation. 


If. surgical emphysema of more than 2” radius 
complicates such wounds, excision is essential, 


A man aged 38 with a clean T/T wound of left 
chest arrived at the C.C.S. 28 hours after injury; 
there had been slight hemoptysis, his general condi- 
tion was good, but surgical emphysema extended 


above the clavicle, He reached the theatre an hour, 


later, where a small S.V.G. dressing was firmly 
applied. A skiagram showed a small left pneumo- 
‘thorax with a tiny effusion, Twenty-four hours later, 
I was urgently called to see the man, who was 
intensely distressed and dyspnoeic, with surgical 
emphysema down to his iliac crests and up to his 
zygomata. An hour later exploration of the wound 
revealed a “ minute central perforation of the ante- 
rior wall of the body of the 2nd rib: section of rib 
resected revealing tiny hole in pleura, both layers 


~ abdominal 


being adherent, Repair not possible. S.V.G, dressing 
only. Bad prognosis.” After an extremely stormy 
passage the man recovered. In a similar case, the 
surgeon explored the wound, closed the pleura, and 
post-operative progress was peaceful. These penetrat- 
ing wounds of ribs without any bony destruction 
may be tricky, and should always be explored, both 
to control surgical emphysema and to remove any 
indriven bone fragments: Indriven bone fragments 
are extremely dangerous causes of hemorrhage and 
sepsis, and may cause more trouble later on than a 
metallic F.B. 


The distinction between thoracic and _ thoraco- 
wounds may be very difficult: the 
abdominal rigidity which an uncomplicated hsemo- 
thorax may produce has to be seen to be believed. 
Visual reconstruction of the position of the patient 
when hit and repeated examination in_ the 
ward, are essential. The diaphragmatic cupola 
may be hit at the top of its thoracic excursion. 
Shoulder trp pain is not very helpful. Generally, in 
a thoracic wound, the abdominal rigidity is unila- 
teral or limited to one upper quadrant, or is not 
quite “right” for a wound of belly, or may be 
abolished by morphia. gr +, Continuity of observa- 
tion by the same observer is essential, as the signs 
in a belly wound progress as a rule more rapidly 
than in a thoracic: radiography is a most valuable 
and essential aid. 


If I seem to have laboured this point, it is because 
the average surgeon is happier in the abdomen than 
in the chest, because a negative laparotomy is better 
than a missed abdominal wound, because abdominal 
mischief is more deadly than thoracic (43% :16% 
in last war, 133%:8% in M.E.F., Wiles, 1944),because 
an unnecessary laporotomy may kill the patient, 
and because the trans-thoracic approach is often 
inadequate, while the chest lesion may be tidied up 
from the abdominal side. Hence I stress the value 
of adequate pre-operative examination in these 

patients, Finally, sucking chest wounds take priority. 
over abdominal wounds. 


Cardiac Injuries 
These are rare, but very easily missed. 


Cardiac tamponade may be recognised by extreme 
and progressive collapse, a falling arterial and rising 
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venous pressure, pulsus, paradoxicus, venous disten- 
sion and cyanosis in head, neck, and upper limbs, 
reduction in quality of the heart sounds: cerebral 
symptoms and even coma May appear. 

A clinical point not generally known, and most 
ably brought out by Paul Wood and W. F. Nicholson 
at the recent Conference of Physicians, is that a 
“near miss” of heart and great vessels by an F.B. 
may cause pericarditis and effusion) with their 
attendant signs. 

So much for the thoracic problems of forward 
surgery. 


Hzemothorax 

It is essential to remember that a hemothorax may 
often accompany fractured ribs and cardiac wounds, 
as well as blast and other iniuries to the chest 
although no wound is visible, But by far the largest 
number are due to penetrating wounds. There is a 
small but important group of “ missed ” haemotho- 
races, in which the possibility of thoracic penetra- 
tion has never been considered or has been forgotten 
in the stress of battle surgery or evacuation: it is 
associated with wounds of the abdomen, the costal 
margin, or of the lumbar region, 

The uncomplicated hemothorax is reflected 
clinically in two stages, (1) The reaction to injury, 
lasting 24 to 60 hours; characterised by acute onset, 
pain, dyspnoa, apprehension, a varying degree of 
hemorrhage and of shock, fever rising in 24 hours 
from subnormal to 102-103 degrees F, with a cor- 
responding rise in pulse rate. (2) The stage of 
quiescence, associated with physiological compensa- 
tion and a lessening of the acute mental and physical 
distress. It is quite usual for these patients to have 
a sustained fever of say 100-102 degrees F. for the 
first two to five days after injury, followed by an 
evening rise to 99 or 100 degrees F. for a further 
week; the pulse rate tends to settle earlier than the 
temperature. Less commonly fever may persist for 
more than two weeks in the absence of infection. 


Trealment. This may be summed up in three 
words—efficient early aspiration. Certain objections 
to this procedure have been raised: the risk of 
introducing sepsis, of restarting bleeding from the 
wound, or of causing a new hemorrhage, and the 
fact that some effusions will absorb completely if 
left alone. 

It is quite impossibie to tell which effusions will 
absorb uneventfully and how quickly; sepsis or 
hemorrhage due to actual needling is a reflection 
upon the operator and not upon the method; there 
is a negligible danger of restarting bleeding from 
the wound, It is generally agreed that clotting occurs 
within six to twelve hours, so the surgeon may 
safely empty the chest during the initial operation 
and perhaps thereby obviate any further tapping. 

Further. The return to normal function of the lung, 
diaphragm, and chest wall, is enormously accele- 
rated, and the time spent in hospital and convale- 
scehce greatly curtailed with consequent conserva- 
tion of man power, etc. If the fluid is not removed, 
it may clot, Five to ten percent will clot anyway. 
(W.F.N.). If it does not clot the fluid may become 
infected, for it is an excellent culture medium, 

Finally, what happens if the fluid is left and does 
not clot? 


Fibrin is always deposited on the lung and pleura. 
Hemothorax fluid is an irritant causing thicken- 
ing of parietal and visceral pleura if left, 


The slow absorption of fluid leads to inspissation 
which renders further absorption evén more difficult. 
The blood is slowly replaced by fluid rich in chole- 
strein crystals; the shaggy walls of the cyst may 
calcify while the fluid is still present: if sepsis 
develops in the years following, treatment is difficult. 
(T. Edwards, 1943b.) 


The lung and chest wall are immobilised (quite 
unnecessarily) for a varying period and in time the 
lung, cnest wall, and absorbed haemothorax, may be 
bound together in an almost iron-hard mass of 
fibrous tissue, which may calcify or even ossify in 
the years to come. The so-called frozen chest in its 
most extreme form. 

An infected heemothorax is an evil thing, The 
sepsis rate varies with different authors; Ryle 
(quoted by T, Edwards, 1943b) gives 80% for the 
last war; Tudor Edwards (1943a) in 204 patients 
found 11.3% with closed, and 22% with penetrating, 
injuries which became infected, Of 434 hamotho- 
races from 1.4.44-30.9.44, 153% became infected 
(W.F.N.) Tudor Edwards also found that the earlier 
the hemothoraces are aspirated, the fewer become 
infected. 

The commonest cause of invaliding in chest 
injuries in the last war was chronic empyema: 
Clifford Hoyle (1940) found that 5% of those whose 
effusions remained sterile were permanently inva- 
lided, 33% became infected, and of this 33% half 
died, Conservatism was then in vogue. 

Infection becomes evident early or late: from the. 
fourth to the seventh day is a common time. It 
should be suspected when there is an unexpected 
rise in pulse rate or temperature which is sustained, 
or a decline in condition, return of dyspnoea, or 
when the temperature keeps rising again after 
each aspiration. Low-grade infection may declare 
itself in the second or third weeks by persistent 
irregular fever and lack of expected progress 
in the patient. A white cell count is sometimes 
valuable. The patient does not always look ill or 
toxic, 

Technique of Aspiration 

This should be a simple and painless procedure. 

1. Explain to the patient what you are going to 
do, and why. 

2, A separate room js desirable, but not always 
available except in Chest Centres. In the Ward use 
screens, Preliminary morphia is rarely needed. 

3. The patient must be sitting up, or at least well 
propped up with back-rest and pillows. 

4. Physical signs, There is always reduced move- 
ment, tactile vocal fremitus, impaired vbercussion 
note, weak or absent breath sounds. and often stony 
dullness. There may be much more fluid present than 
the signs and skiagram indicate, 

Good breath sounds, even bronchial breathing, may 
be heard through a layer of fluid, 

Clinically it is quite imvossible to differentiate 
between residual fluid or mere pleural thickening, 
and X-ray may not help, Needling is essential. 

5. The site or sites of election should be decided 
beforehand by examination and/or skiagram in two 
planes. The site should be memorised or marked; 
the tendency is to go too low, This is important 
because in many patients. the diaphragm on the 
injured side is raised, and fibrinous sludge collects 
in the costophrenic gutter, 
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6. The technique of local anesthesia is of para- 
mount importance, Novutox causes pain locally, so 
I always use 2% procaine. Potain’s aspirator with 
an ordinary blood transfusion needle attached is 
most efficient: otherwise a Rotanda syringe or one 
with a two-way tap is essential. A stout 3” needle 
is often required, 

7. Begin (1) at initial operation, (2) 24-36 hours 
later, (3) or 24-48 hours after wounding, (3) and 
aflerwards daily, 

8. The quantity aspirated varies from one to three 
pints at a session, and the time from 10-45 minutes. 
There are also many variables which I need not 
stress here, 

I would like to condemn the practice of air 
replacement, It is unnecessary, and quite inaccurate 
unless controlled manometrically, because no one 
‘an foretell the mediastinal vagaries of any parti- 
cular patient. Apical collapse is inevilably ensured; 
all possibility of the upper lobe becoming adherent 
is temporarily removed, and lung expansion effecti- 


vely delayed. Should infection supervene, it is sad - 


to think that what might have been a basal empyema 
is now a total pyopneumothorax. 


Only on rare occasions, such as the outlining or 
localisation of fluid pockets in a clotted or loculated 
hemothorax, would I advocate air replacement, and 
then 50-100 c.c.s, is enough, Another point, which is 
often forgotten by those who stress the risk of 
introducing sepsis with the needle, is that both lung 
and pleura have already been penetrated by a missile, 
a potential source of infection which itself commands 
aspiration, in view of the known empyema rate of 
15-35%. Furthermore the clotting rate is 5-10% 
(W.F.N.) 

Serial radiological contro] is essential in all aspi- 
ration work owing to the vagaries of the physical 
signs. 

The specimen should always be sent for cytology 
and culture (anaerobic as well if necessary), and 
the results recorded in the notes, The normal 
appearance of the fluid changes from frank blood 


to clear yellow serous fluid. as absorption pro- 
gresses; sometimes it becomes thick, tarry and 


inspissated. Blood is a pleural irritant, and in the 
pleural cavity is diluted by the fluid whose secretion 
it provokes. At first the Hb may be as high as 70% 
and R.B.C. 3,000,000; the R.B.C. and polymorphs 
rapidly diminish in number and later lymphocytes 


and macrophages dominate the picture: in the 
second ~~ third week the latter are filled with 
pigment, 


An infected fluid may be recognised by the smell, 
the colour which ranges from dark purple to brown, 
turbidity, and change in consistency. Microscopic- 
ally the pus cells are sharply increased in number, 
and smear and culture may yield an organism. 

It is a wise policy to leave 30,000 units of peni- 
cillin in 40-50 ¢.c.s. of saline in the chest after each 
aspiration, I have never seen any reaction to this. 

It is not generally recognised how greatly Pento- 
thal (0.5-1.0 grammes) facilitates multiple aspirations 
to establish the presence of loculation or to find an 
elusive pocket. An anesthetist is essential. The 
patient should be arranged in the desired position, 
sitting up, leaning on an adjustable instrument tray 
or pillows on a heart table: in this position, and 
only when the operator is completely ready, the 
injection is made, 


That there is a slight risk in aspiration I do not 
deny. The possibility of infection has already been 
mentioned, and pleural shock is a familiar bogy. 


Aspiration may cause hemorrhage by disturbing 
the equilibrium between lung movement, intra- 
pleural pressure, and wound repair. In 1027 patients 
this occurred 4 times in 3 years—0.38% (W.F.N.): 
three died. All had infected heemothoraces, three ~ 
following penetrating wounds and one a_ecrush 
injury; two were clotted. The intervals between 
aspiration and collapse were eight hours, a few 
minutes four hours, and two hours, All had had one 
or two uneventful earlier aspirations, 

The first collapsed and died eight hours after 
aspiration of 600 c.c.s. on the sixth day after injury: 
bright blood, the source of which was not found, 
was obtained from the second interspace, 


The second had suture of wounds and aspiration 
of 700 c.c.s, of infected blood under pentothal on 
the tenth day. He collapsed and died four hours 
later. Hemorrhage was parietal in origin, probably 
from the a zygos vein. 


The third was aspirated on the ninth day, 850 
c.c.s, being removed, Severe coughing and collapse 
occurred at once; and needling showed fresh blood 
in the second intercostal space. After transfusion 
and further aspirations thoracotemy was done, and 
the seventh intercostal artery was ligated where the 
M.F.B, lay. Recovery was uneventful. 


The fourth man was very interesting, On the sixth 
day he had wound suture and aspiration of 900 
c.c.s. of blood and much air: two hours later he 
sprang a tension hemopneumothorax, which was 
relieved by aspiration and a fine water-sealed inter- 
costal tube. Between the sixth and seventeenth day 
he had two moderate sized aspirations and it was 
obvious that the hemothorax had clotted. On the 
21st day be was bleeding again, so a rapid thorac- 
otomy was done, revealing torrential hemorrhage 
from the hilum of the left upper lobe, which .was 
firmly adherent to the chest wall, Control of the 
hemorrhage was impossible, and he died on the 
table, 


Subsequent dissection revealed that the M.F.B. 
lay in close relation to the hilar vessels of the left- 
upper lobe, and that the only way of saving the 
man’s life would have been forcibly to free the 
upper lobe, which was surprisingly adherent con- 
sidering that only fourteen days earlier there had 
been a tension-pneumothorax, and do lobectomy. 


Certain facts emerge from these case-histories. 
The presence of sepsis in all four: the rapidity with 
which collapse and death may occur, and the danger 
of the damaged artery and the M.F.B. being in close 
relationship or actually contiguous. 


It seems reasonable to explain the hemorrhage 
in the first two patients by a change in intrathoracic 
equilibrium and disruption of wound repair, The 
last two patients present an old problem in surgery; 
and it hardly seems fair to blame the aspiration for 
their death. . 


In the same series secondary hemorrhage occur- 
red four times; thrice on the eleventh and once on 
the thirteenth day: an incidence of 0.38%. Three 
patients had penetrating wounds and _ three of 
whom two died, had infected hamothoraces, The 
bleeding was parietal in one, pulmonary in one, and 
probably pulmonary in two, patients, 
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One man with a tangenital non-penetrating wound, 
whose skiagram was clear on the fifth day, sprang 
a small bloody effusion on the eleventh day: reco- 
very was uneventful, 

The second produced a tension-heemopneumothorx 
on the thirteenth day,. eight days after the second 
aspiration of infected blood. Despite intercostal 
drainage he died. The bleeding was_ probably 
pulmonary. 

The third had a hematoma with retained F.B. in 
the right upper lobe and no effusion; on the eleventh 
day he developed an effusion, presumably from the 
lung wound, He recovered uneventfully. 

The fourth had 1000 c.c.s, of infected blood 
aspirated on the eighth day, and 10 c.c.s. of pus on 
the eleventh day. Twelve hours later he collapsed 
and died. Autopsy showed a large fresh hematoma 
and a lacerated lung, which was presumably the 
source of the bleeding, 

An officer with extensive bilateral cavitating 
tubercolosis, who died from pulmonary hemorrhage, 
is excluded from this series, 


Blood Transfusion 

The value of this is obvious, but it is not gener ally 
appreciated how much a. hemothorax may deplete 
the blood (Hb60-70%). I always transfuse if the Hb 
(Haldane) is under 80% or the hematocrit under 
40%. The best technique is the copper sulphate 
series, for the plasma proteins can be estimated at 
the same time. 

Severe injury, even in healthy people, is followed 
by a large breakdown of protein tissue—the “ toxic 
destruction of protein” (Cuthbertson, 1942), This 
protein loss is greatly increased by exudates such 
as occur in empyemata and burns, The American 
Empyema Commission in 1918 studied the toxic des- 
truction of protein by analysing the nitrogen excre- 
tion in the urine, and demonstrated the tremendous 
tissue protein depletion so beautifully and success- 
fully that it was promptly forgotten for nearly 20 
years! 

Cannon, Chase and Wissler (1943) showed that 
in hypoproteinemic animals the immunological 
response, as measured by antibody production, was 
only one-third to one-fifth of that in healthy animals. 


The vital importance of a_ high-protein, high- 
vitamin diet, begun: immediately after operation, 
needs no further emphasis. The first holding unit 
where good laboratory assistance is available should 
“top up” the patient. 

Two further points may be mentioned. In the 
presence of sepsis the globulin fraction is often in- 
creased; the albumen fraction is depleted by the 
coexistent anorexia and malnutrition: as a result 
the plasma protein total may appear normal, es- 
pecially if this change in the A:G ratio is further 
accentuated by concentration due to dehydration. 
(Elman, Lischer, 1943.) 


Pulmonary Contusion 

This is associated with direct blast, or violence 
therefrom, or with wounds of the chest wall, per- 
haps with fractured ribs or scapula. In 1,100 admis- 
sions from 1.4.44 to 30.9.44, 139 patients had pul- 
monary contusion (W.F.N.). 


Pathologically there is more or less localised 
interstitial and intra-alveolar hemorrhage, occa- 
sionally scattered, with a varying degree of atelec- 
tasis which is usually patchy and slight. Sometimes 
infection from the respiratory tract develops. 


The physical signs are hemoptysis, cough, sputum 
(which is bloody and mucoid or purulent), and 
pleurisy causing local pain. The temperature 
usually settles in a few days, the pulse and respira- 
tion rates being little raised. More severely. wounded 
patients may be cyanosed, shocked and dyspneeic. 
Reduced movement, local rales, and occasionally a 
friction rub are evident. The skiagram shows 
patchy opacity usually confined to the site of the 
trauma; but sometimes, and in more severe examples, 
the r adiological signs are far more extensive than 
the physical. 


It is evident that pulmonary contusion resembles 
the less severe degrees of blast lung; this is also 
met. The moving of severely blasted patients 
should be cautiously undertaken as any premature 
disturbance may start more bleeding, 

The prognosis is good and treatment is by sitting 
up the patient, sedation P.R.N. and chemotherapy. 


Dry Pneumothorax 
This is often found as a result of (1) blast and 
violence; (2) Chest wall wounds; (3) Small pene- 
trating wounds, (F.B,. may remain in the lung.) 
Local wound toilet, a short course of chemo- 
therapy, and early breathing exercises, comprise 
the necessary treatment. 


Pulmonary Haematoma 

This is an interesting lung injury, classically seen 
in patients with T/T wounds with clean wounds of 
entrance, or penetrating E/O wounds of. lung. 
Pulmonary contusion is often present. Haemothorax 
is a frequent sequelae, but I am only concerned to- 
day with the pure lesion. 

Pathologically there is frank trauma of the lung; 
a varying amount of lung tissue is actually des- 
troyed along the course of the missile track, so that 
a potential or actual cavity is formed, roughly 
cylindrical in shave. The lung surrounding the 
track is the seat of hemorrhage, tearing and 
bruising, while the track itself is filled with extra- 
rasated blood, and the F.B,. may lie at the end of it. 
The degree of atelectasis present varies, but is 
usually not large. 

Clinically there is hemoptysis, often considerable, 
or actual clots may be raised; cough, pain, surgical 
emphysema and fever are constant. The patient 
may be quite ill for a few days, dyspnoeic and 
cyanosed. Locally the physical signs are reduction 
of movement and air entry, friction, impaired per- 
cussion note and rales, 

Radiologically there is irregular opacity surround- 
ing the missile track, which is roughly circular in 
the postero-anterior view and cigar-shaped in the 
lateral, The centre of the opacity may be relatively 
or completely clear, depending upon the extent to 
which the air-containing missile track has been 
filled with blood, (This track may easily be felt 
at operation.) The resemblance to lung abscess may 
be close. 

The treatment is essentially the same as in con- 
tusion. The prognosis is good, allowing for possible 
complications from the F.B. 


Both pulmonary contusion and hematoma may 
break down into an abscess with the usual signs. 
Is best treated by postural drainage, chemotherapy 
or penicillin, rarely by surgery. The abscess usually 
settles down uneventfully although the F.B, may 
have to be removed later, 
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Convalescence and Rehabilitation 


The object is to restore the lungs, chest wall and 
diaphragm to full and normal function, and to cur- 
tail the time off duty. The co-operation and confi- 
dence of the -patient must be won at the outset, 
because the first effect of breathing exercises is 
to increase the pain of movement and of deep 
breathing, which characterises all chest wounds and 
which has depressed the patient from the moment 
he was wounded. A good physiotherapist with a 
strong personality is essential, and if a little sex- 
appeal is included, the result is a willing and en- 
thusiastic class! 

If breathing exercises are begun too early, they 
may cause undue pain, recurrence of fever or of 
effusion which may be clear or bloody and is due 
to tearing of adhesions. 


1. Uncomplicated hemo-or pneumothorax.—After 
temperature normal, 48 hours. Keep in bed 2-3 days 
before up. 

2. Infected hemothorax.—48 hours after drainage 
is satisfactorily established (or as soon as patient is 
fit). 

3. Clean thoracotomy.—12-18 days after operation 
(needle and X-ray control essential), Temperature 
must have settled, 

4. Thoracotomy for 
soon as patient is fit. 


5. Drainage of pyopneumothorax.—Asg in 2. 


6. Medical empyema.—24-48 hours after opera- 
tion. 


7. Pulmonary contusion.—Very early. 
clinical signs and X-ray allow. 

8. Pulmonary atelectasis——As soon as recognised. 
Tell patient to cough and breathe himself all day. 


9. Pulmonary hematoma.—As in 7. 
10. Larger chest wall wounds.—10-15 days. As 
soon as wound allows. Usually up patients to up 


class for short course. Massage to scar. 


The value of good nursing, occupational therapy, 
and fresh air, need no emphasis. The final assess- 
ment of category should be made by the Conva- 
lescent Depot Staff, who have directed the later 
rehabilitation of the patient. Temporary downgrad- 
ing is frequently necessary, for it may take several 
months before the residual pain and dyspnoea on 
exertion: disappear; very few patients with unin- 
fected hemothoraces need be sent to U.K, 


Before I finish, I would like to say how grateful 
I am to my recent colleague, Major Frank Nicholson, 
who has given me free access to his figures and 
notes; and to Brigadier Edwards for according a 
_physician the honour of addressing you. 


In conclusion, Gentlemen, may I quote a line 
from a wise old physician, Sir Thomas Clifford 
Allbutt—* I would remind you again how large and 
various was the experience of the battlefield, and 
how fertile the blood of warriors in rearing good 
surgeons. ” 


infeeted heemothorax.—As 


As soon as 


Summary 


The causes, physical signs, and clinical behaviour, 
of traumatic haemothorax have been discussed. The 
treatment of uncomplicated hemothorax is efficient 
early aspiration. The objections to, and risks of, 
aspiration have been set forth, and the practice of 
air replacement condemned. The irreparable 


damage to the thoracic mechanism caused by leav- 
ing the fluid in situ, the risk of infection and its 
attendant evils, and the correct technique of aspira-’ 
tion have been emphasised. 


The incidence of secondary hemorrhage and of 
hemorrhage due to aspiration have both been the 
same—0.38 %—in 1027 patients; five of the eight 
patients died, and six were infected. 


Adequate early transfusion with blood, or plasma 
when sepsis is extensive, is valuable. The causes, 
clinical and radiological aspects and treatment, of 
pulmonary contusion and hematoma have been 
elaborated, Breathing exercises are most valuable: 
the risks of starting physiotherapy too soon have 
been mentioned, and the value of good nursing is 
again stressed. 


References 


Cannon, P.R., Chase, W.E., and Wissler, R.W.J. 
(1943)—J. Immunol. 47. 133. 


Cuthbertson, D.P. (1942) 
Edwards, A.T., (1943a)—Lancet. 1, 97. 

Edwards, A.T., (1943b)—Brit, J. Surg. 31.74. 
Elman. R., & Lischer. C., (1943)—Surg., Obstet., 


Gynec. 76. 503. 
Hoyle. C. (1940)—Proc, R. Soc. med. 34. 73. 
Wiles, P., (1944)—Lancet, 1. 523. 
W.F.N.—Major W. F. Nicholson, 0.C., 2 Surgi®al 
Chest Team, C.M.F. Personal Communications. 


Lancet. 1. 433. 


Discussion 
Major-Generaj Hartgill 


I have heard yesterday, and again today, refe- 
rences to radiology at the forward advanced 
surgical centres, As you know we have X-rays set 
up at C.C.Ss, but not with Field Dressing Stations 
of Field Surgical Units. When my committee was 
delving into this organisation at the War Office we 
took the advice of the Consulting Surgeon and the 
Consulting Radiologist. There was much discussion 
as to whether we should have radiology available 
at the advanced surgical Centres, For many reasons, 
which I cannot go into now, it was decided not to 
have them, 

It is evident now that there is a demand for for- 
ward X-rays. I have been aware of that for some 
considerable time, My view of it was that big X-ray 
equipment is too cumbersome to get forward to 
many of the places where Field Surgical Units are 
located. I have asked our Adviser in Radiology about 
this, and he has devised a small and simpler appa- 
ratus; we are proposing to get it on a jeep with a 
trailer so that it will be available for use in difficult 
terrain such as the Appenines and the Burma jungles, 


Colonel E, D. Churchill, MTOUSA 


I can assure you General Hartgill that this theatre 
has every reason to be proud of the work that has 
been done by the surgeons who have treated so 
efficiently wounds of the thorax. I don’t know that 
we quite appreciate the problems that confronted the 
thoracic surgeon at the beginning of this war. In 
the reports from the last war there were no broad 
principles laid down as to the management of tho- 
racic wounds. That is evident from one of the most 
heated discussions of the last war which concerned 
itself almost entirely with the question of whether 
differential pressure aneesthesia was desirable or 
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necessary, The X-ray was then in its infancy, Many 
of the X-ray examinations in the first part of the war 
were made on glass plates. X-ray specialists became 
preoccupied with elaborate methods of localising 
foreign bodies so that the surgeon could remove the 
missile through a key-hole incision, That was the 
state of affairs in the subiect that Col. d’Abreu has 
so well covered, The influenza epidemic of 1918 
with its terrific wake of empyema detracted our 
attention from the vroblems of military surgery, 
and much was lost that might have been revealed 
by a careful analysis of records of the wounded. 
Attention soon veered round to the management of 
chronic empyema in the period subsequent to the 
war, Between the wars it has been our experience 
that chest trauma is largely confined to low velocity 
missiles and to stabbings. That type of wound has 
nothing in common with what is encountered on 
the battlefield. Then again, in the vast 25 years 
thoracic surgeons have been preoccupied with the 
development of the more elective type of surgery. 
We started into this war with a collection of techni- 
ques with litthe precedent on their use in military 
surgery, Surgeons have had to work out the timing 
of and the application of these techniques. Thesc 
papers today show you that this theatre at least has 
its own standards and methods, in which there is 
almost complete agreement, I would like to point 
out that our surgeons have over-thrown certain very 
basically fixed ideas. If one principle came out of 
ihe empyema epidemic in 1918 it was that the duty 
of the surgeon was to postpone interference until an 
empyema was localised. Now the thoracic surgeons 
do not hesitate to open an infected haemothorax 
which may be partially localised, and convert. it 
into a generalised empyema in order to bring about 
quicker healing with a normally expanded lung. 


This is a complete reversal of one of our old pre- 
cepts of the management of empyema. One other 
thing—in the past 25 years progress in thoracic 
surgery the surgeon has been very helpfully encou- 
raged by the physician far more. experienced in 
thoracic disease than he. The physician has had to 
start from scratch in military surgery, as it was 
not included in his field of learning. I am delighted 
to see such a physician with us today, Unfortunately 
we have few physicians of Maior Telling’s expe- 
rience and many of these problems have been met 
by the surgeon alone without having this very help- 
ful support, So I am really very proud, and I hope 
you are, Sir, of the accomplishments of the thoracic 
surgeons in this theatre. 


Colonel Sanger, MCAUS 

I think that every missile should be removed, as 
one will go atter it eventually, Perhaps we go for 
them too early, before haematoma has subsided. 

Regarding aspiration of the chest. We have a 
simple way of doing it, using a vacuum bottle which 
we make in our own kitchen. 

Colonel Sanger then described this technique and 
ended his remarks by saying that all American 
thoracic surgeons in this theatre are certainly in 
agreement with the papers heard this afternoon, 


Major-General Hartgill 

I for one have acquired a great deal] of interesting 
knowledge this afternoon, which I didn’t possess 
before, and I fully endorse Colonel 
remarks as to the high talent of the chest surgeons 
in this theatre. 

On your behalf I would like to thank the speakers 
at this session for their very excellent papers, 
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As some of you know. I invited Sir Alfred Webb-Johnson, President of the 
Royal College of Surgeons, to this meeting. He writes that he regrets very much 
he cannot be here with us, but sends to all of you a message of admiration of the 
work done in this theatre, and all good wishes for the work to come. This 
morning, abdominal trauma is our subject, and Colonel Edward D. Churchill 
has kindly consented to take the chair. 


THE DIAGNOSIS OF ABDOMINAL TRAUMA IN WARFARE 


by 


Major C. G: ROB, M.C., RAMC 


An unnecessary laparotomy is commonly per- 
formed in warfare. Major-General Oglivie records 
that of 247 laparotomies performed in the Western 
Desert, 42 had no internal abdominal lesion with a 
mortality of 24%; and 37 had a Jesion of the liver or 
kidney only with a mortality of 27%. While some of 
these latter required abdominal exploration for the 
control of hemorrhage, I would emphasise that no 
laparotomy was necessary in the majority; therefore 
approximately 70 of these 247 cases had an unneces- 
sary abdominal operation and of these 70, 20 died. 
Later this morning Lt.-Col, Stead will give you the 
corresponding figures for this command; and you 
will see that the incidence of unnecessary laparo- 
tomy is still great. The high mortality for an 
abdominal exploration in the battle casualty makes 
a full clinical examination essential, and the abdo- 
men should never be opened until a sound diagnosis 
has been made. 

This paper is based on 162 admissions to an 
Advanced Surgical Centre, all of which showed 
marked and definite clinical abdominal symptoms 
and signs, and all had been diagnosed as a penetrat- 
ing wound of the abdomen by a Medical Officer. 


ANALYSIS OF 162 CASES WITH DEFINITE 
ABDOMINAL SYMPTOMS AND SIGNS 


I. LapARoTOMY PERFORMED - - - - 111 
(Deaths 39) 

(a). Necessary: (Wounds of the hollow 
viscera or wounds of the solid 
viscera in which hemorrhage 
necessitated laparotomy) - 100 

(b) Unnecessary - - - - = 11 
Liver or Kidney only - - 9 
Retroperitoneal tissues - “ 2 

II. Laparotomy Not PERFORMED. - - - oul 
(Deaths 1) 
(a) Extraperitoneal Hzmatomata - - 14 
(b) Thoraco-abdominal or Abdominal 
wound with a Hemoperitoneum 
(Liver: or Kidney only) -"— - - 8 
(c) Chest wound with abdominal signs 6 
(d) Buttock wound with a fractured 
pelvis - - - - - - 6 
(e) Kidney wound (without a hemo- 
peritoneum) a = - ee oy 4 
(f) Localised peritonitis in a wound 
' more than 36 hrs. old - - - 4 
(g) Extra peritoneal wound of the 
bladder - - - - 2 - 3 
(h) Spinal wound with paraplegia and 
hypereesthesia - - Big iam 3 
(i) Blast injury - - - - - 2 
(j) Colon (Extra peritoneal only) - a 1 


It may be seen with the aid of the fore-going 
table that: — 
(i) 111 had a laparotomy, and 51 a wound exci- 
sion without abdominal exploration. 


(ii) 11. unnecessary laparotomies were _ per- 
formed; 9 for liver or kidney wounds, and 
2 for retroperitoneal hematomata, The defi- 
nition taken for an unnecessary laparotomy 


has been one in which nothing except 
exploration was done and in which re- 
covery followed. 


(iii) There were 40 deaths in this series; 39 from 
the 111 cases which had a laparotomy, and 
only one from the 51 in which I elected 
not to open the abdomen. 


Of the 51 cases treated without laparotomy, 
12 had intraperitoneal lesions and of these 
every case recovered, The remaining 39 had 
wounds of the structure in close relationship 
to the parietal peritoneum. Of these one a 
spinal wound with paraplegia and abdomi- 
nal hyperzsthesia was the only case which 
died. Post-mortem examniation confirmed 
the diagnosis that the missile, which had 
divided ‘the spinal cord, and. produced a 
large hematoma anterior to the vertebral 
column, had not entered the peritoneum. 


(v) In 33 patients there was a wound of the liver 
either with or without an associated visceral 
lesion. In only one of these was surgery 
necessary for the control of haemorrhage. 


(iy) 


(vi) In 22 patients there was a renal wound 
either with or without an associated visceral 
lesion. In only three of these was nephrec- 
tomy necessary. 

DIAGNOSIS 


It is essential to see the wood as well as the tree, 
by which I mean a general survey of the patient is 
the first consideration, What is the state of the peri- 
pheral circulation? What is his blood pressure and 
his pulse pressure? What is his pulse rate? 

Practically every case has already been given 
morphia to allow bim to undertake the journey 
back. With increasing experience and in spite of a 
considerable reduction of abdominal pain rigidity, 
an accurate diagnosis can still be made in these 
heavily morphanised cases. 


Further factors to be considered are:— 


(I) The state of dehydration of the patient. The 
majority of gun shot wounds of the abdomen are 


‘dehydrated when seen. 


(11) Resuscitation. This usually takes a matter of 
some hours, which enables the surgeon to review 
the case on more than one occasion; this is impor- 
tant because the clinical picture varies from hour 
to hour, And I would here mention that a valuable 
diagnostic pointer is given by the fact that most 
patients without a lesion of the alimentary tract 
either do not require resuscitation or respond 
rapidly. An exception may be made by cases with 
severe haemorrhage or associated other first priority 
wounds. 
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(Il) Fighting-fit soldiers usually have an_ ab- 
dominal wall of high muscle tone, which in itself 
is a trap for the unwary. 

There is no difficulty of diagnosis in many cases; 
they may show an abdomen with the general 
rigidity and tenderness, the absence of respiratory 
movements, and the silence on ascultation of general 
peritonitis; or there may be a prolapse of viscera 
through the wound, The problem arises in the less 
obvious case, and before discussing individual 
lesions there are two physical signs of fundamental 
value in all cases. These are:-— 

(i) An efficient clinical estimate of the wound 

track, and 

(ii) Auscultation of the abdomen. 

(i) A Clinical Estimate of the Wound Track, This 
can be sub-divided into:—- 


(1) The pre-operative appearance of the wounds, 
including the relationship of the exit wound if 
present to the wound of entry, and a statement from 
the patient of the posture he was in when hit. This 
latter is important and explains many unusual 
wound tracks, It has been my experience that mis- 
siles take a straight course from one _ point to 
another unless deflected by bone. I well remember 
a case with a wound just above the right inguinal 
ligament and the foreign body lying in the right 
ischium. At operation the only lesion found was a 
laceration of the hepatic flexure of the colon, and 
subsequent enquiry elicited the fact that he had 
been bending to adjust his boot when wounded. 

(2) The usual routine clinical examination, par- 
ticular attention being paid to those symptoms and 
signs of localising diagnostic significance. 

(3) Rectal examination and catheterisation have 
been of importance in tracing the track of many 
missiles. 

(4) A radiological examination, when available, 
to locate foreign bodies and to demonstrate frac- 
tures. This has been of most value in wounds of the 
upper abdomen and lower chest where the foreign 
body may be located in the liver or thorax; wounds 
of the buttock where the foreign body may be re- 
tained in a fractured ileum; and wounds of the 
extraperitoneal regions. 

(5) The findings at wound excision which has 
been performed on every case. When patients are 
fit for the theatre and whether laparotomy is to be 
performed or not, I first of all excise every wound 
which might have penetrated the peritoneum, This 
is essential and, in my experience, exploration of 
the wound track in the operating theatre has been 
the deciding factor for or «gainst opening the abdo- 
men on many occasions. 


We now come to:— 


Gi) Auscultation of the Abdomen. It is essential 
io ascertain the presence or absence of peristaltic 
sounds, These may be mimicked by sounds -lue to 
a fluid-gas mixture in the bowel itself, particularly 
when the gut is distended, These can be reproduced 
by rolling the patient and listening at the same 
time, but with experience there is no difficulty in 


differentiating them from peristaltic sounds. Auscul- 


tation of the abdomen has been performed on every 
‘ase in this series, when necessary on more than 
one occasion and for two or three minutes at a 
time, until the presence or absence of peristalsis 
has been established beyond doubt. 


AN ANALYSIS OF ABDOMINAL AUSCULTATION 
Cases with a Lesion of a Hollow Viscus and 


Without Peristalsis - - - - - 89 
Cases with a Lesion of a Hollow Viscus and 

With Peristalsis - - - - - - Hi 
Cases without a Lesion of a Hollow Viscus 

and Without Peristalsis 2 2 - - 1 
Cases without a Lesion of a Hollow Viscus 

and With Peristalsis - = - - - 67 


TOTAL CASES. 162 


The accompanying table shows the relationship 
of peristaltic sounds to wounds of the hollow 
viscera. It will be seen that in only 1.5 per cent of 
those cases without a hollow visceral lesion was 
peristalsis absent; this case a large posterior ex- 
traperitoneal hematoma was silent throughout, and 
ras one of the two unnecessary laparotomies per- 
formed for extraperitoneal hematomata. However, 
in those cases with a lesion of a hollow viscus 91.4 
per cent had no peristaltic sounds. In two cases of 
small intestine wounds, two cases of wounds of the 
colon, and one intraperitoneal wound of the bladder 
peristalsis was heard. In these there was little 
leakage from the bowel and minimal peritoneal] soil- 
ing; and I am convinced that peristalsis is only 
absent when the activity of all the intestine has 
been inhibited by a general peritoneal soiling, The 
following case seen in consultation with Lt.-Col. 
Latchmore, RAMC, illustrates this point well. 
Machine gun bullet wound 22 hours before admis- 
sion, entry anteriorly just to the left of the mid-line 
at the level of the 6th rib, exit at the level of the 
10th rib in the posterior axillary line of the same 
side. The abdomen was tender but soft, peristalsis 
could be heard; as the patient was very distressed, 
he was sat up. This was followed immediately by 
a complaint of great abdominal pain, so after five 
minutes he was laid down again. On examination the 
abdomen now had generalised rigidity and ten- 
derness with complete silence on auscultation. At 
operation a large tear of the stomach was found, it 
appears that when this patient sat up his gastric 
contents which previously had been localised to the 
upper left abdominal quadrant were spread rapidly 
over his entire peritoneum, thereby producing the 
sudden change of abdominal physical signs. 


I therefor submit that the absence of peristaltic 
sounds, confirmed and reconfirmed, is a_ positive 
indication for laparotomy; but that the presence of 
peristaltic sounds is only a valuable guide towards, 
and not a_ positive indication for, conservative 
treatment, 

Time does not permit the discussion of the diffe- 
rential diagnosis of al] the individual] lesions enu- 
merated in the table; I will, therefore, confine my 
remarks to the groups of cases in which peritoneal 
penetration had occurred, but in which laparotomy 
was not performed. 


Wounds of the Liver, It has been my experience 
that of 33 such cases in only one was surgery neces- 
sary for the control of haemorrhage, These cases of 
simple hemoperitoneum form a large and important 
group of abdominal war wounds, because they are 
one of the few intraperitoneal lesions in which 
laparotomy is not necessary. An X-ray film is invalu- 
able when the foreign body has been retained, as an 
adequate estimation of the wound track may be 
impossible without one. In the majority of the 
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unnecessary laparotomies of this series the course 
of the missile could not be estimated because an 
X-ray was not available. The presence of some abdo- 
minal wall movement with respiration, of a mild 
rigidity on light palpation, and of peristalsis by 
abdominal auscultation have all aided the diagnosis. 
In no case where the liver was the only lesion was 
peristalsis absent, although in several patients a 
large and diffuse heemoperitoneum was_ present. 
These cases have been watched very carefully for 
further bleeding, but in only one case did_ this 
necessitate operation. I would remind you of the 
case in which hemorrhage from the liver may be 
restarted by the laparotomy itself, and in some cases 
of the extreme difliculty of controlling it again. 


Wounds of the Kidney: War wounds differ in 
many respects from the closed traumatic injuries 
of civilian practice. In the former one does not see 
the large swelling of the perinephoric tissues, nor 
does one .meet the typical pain and colic at an 
advanced surgical centre, although the last named 
has been noted during convalescence, On palpation 
loca] tenderness and rigidity can be elicited. Cathe- 
terisation is essential, for without exception in this 
series, hematuria has been present. 
wound excision and exploration will show the track 
of the missile, and the opportunity is taken for 
accurate palpation of the kidney, As a result of this 


At operation’ 


palpation an estimate can be made as to the neces- 
sity for nephrectomy, and it has been my experience 
that the majority can be treated expectantly. In this 
series, out of 22 renal wounds only three required 
immediate nephrectomy. It is’ probable that some 
cases undergo removal of the kidney at a later date, 
but they are then better fitted to stand the operation. 

Late wounds. Patients seen more than 36 hours 
after visceral perforation differ but little from 
similar disasters of civilian practice. Four cases had 
lain on the battlefield for long periods, and upon 
admission showed localised abdominal signs, find- 
ings similar to an appendix mass. The lesions were 
thought to be of the colon only and they were treated 
without laparotomy. Subseauently three developed 
a local abscess which required’ drainage, and of 
these two had a temporary faecal] fistula, 

In conclusion, The mortality from unnecessary 
laparotomy demands the greatest care and accuracy 
in the diagnosis of abdominal gun shot wounds. 
Although I have stressed the great value of abdo- 
minal auscultation and wound exploration, no 
single sign, or group of signs should be relied on, 
without a full and careful clinical examination ot 
the patient as a whole. Finally, where a genuine 
doubt exists after repeated examinations it is advis- 
able to open the abdomen, but these exploratory 
laparotomies should rarely be necessary. 


THE TREATMENT OF WOUNDS OF THE LARGE. INTESTINE 


Major H. G. ESTCOURT, RAMC 


A feeling that there is a certain amount of 
disagreement in the air, and that our opinions are 
not altogether in harmony, has led me to make 
these few remarks on the treatment of wounds of 
the large bowel. If they stimulate a discussion that 
will help to clarify the present position, they will 
have served their purpose. 


During the Italian campaign, as the result of my 
experiences with an F.S.U., my own views have 
altered, and { think I can detect a similar change 
of outlook in the minds of other forward surgeons. 
Unfortunately, the experience of each of us is bound 
to be limited to such a small number of cases that 
opinions formed from their treatment are, at the 
best, very tentative ones, and it is only by ‘combin- 
ing our experiences that we can hope to reach defi- 
nite conclusions. In Italy, I have dealt with 44 
patients who have had wounds of the large bowel, 
26 of these being complicated by wounds of other 
abdominal] viscera, and 18 being wounds of the large 
gut alone. This is not a large enough series to allow 
me to become dogmatic about any methods of treat- 
ment, but it has provided me with enough material 
to make me question the correctness of what I will 
call for lack of a better term, the official ap ga 
to the treatment of this condition, 


I have no wish to quote a host of figures to you, 
but I should just like to show how the results of the 
treatment of large bowel injuries have improved, 
as compared with the last war. For instance, Sir 


Cuthbert Wallace, in his book “ War Surgery of the 
Abdomen ”, published in 1918, gives a mortality of 
74% in a series of 85 cases suffering from wounds 
of the colon and small gut, whereas, in that invalu- 
able analysis produced by Brigadier Edwards and 
Lt.-Col, Stead, the mortality for the same injury, in 
a series of 71 cases, was only 50.7%. For wounds 
confined to the colon there is the same improve- 


‘ment; Wallace’s mortality was 48.7%, ours is 36.5%, 


and the figure given by Mr Gordon-Taylor is very 
similar to ours—37.2%. 

These are encouraging statistics, and the improve- 
ment shown by them is big enough to suggest that 
something we are doing today, that was not done 
in the last war, is benefiting the patient. 

What is it that can be producing this improve- 
ment? Well, I think you will all agree that, apart 
from the various drugs we now use to control 
sepsis, the two outstanding advances in war surgery 
of the abdomen in this war have been the introduc- 
tion of continuous gastric suction and the technique 
of exteriorising large bowel wounds. There is no 
doubt that both these procedures have saved count- 
less lives; they have stood the test of time, and they 
have come to stay, 


What I want to suggest to you is that the very 
great success of these .methods has so impressed 
itself on us, that our views may have gota little out 
of proportion, and that we are tending to place too 
much reliance on them to the detriment of a more 
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common sense surgical outlook. Particularly, I think, 
is this the case in our reaction to the treatment of 
large bowel injuries by exteriorisation. 

Let me be quite emphatic before I go on to discuss 
this subject that no one appreciates the value of 
exteriorisation more than I do. This is in no sense 
meant to be an attack on an invaluable surgical pro- 
cedure. Something must be responsible for the 
improvement shown by the figures I have just quoted, 
and I am sure that exteriorisation has played a great 
part in helping to produce that improvement, What 
1 question is not the fundamental soundness of the 
treatment itself but the great length to which it is 
suggested it should be carried. . 


In his book “ Forward Surgery in Modern War”, 
Major-General Ogilvie states, “Simple closure of a 
wound of the colon, however small, is unwarranted; 
men have survived such an operation but others 
have died who would still be alive had they fallen 
into the hands of a surgeon with less optimism and 
more sense, Injured segments must either be ex- 
teriorised or functionally’ excluded by a_ proximal 
colostomy ”, I wonder how many forward surgeons 
follow that dictum to-day—not many I betieve. The 
fallacy in that statement seems to me to lie in the 
fact that the whole of the large bowel is lumped as 
one entity whereas, in practice, the problems pro- 
duced by the fixed part of the colon are quite dif- 
‘ferent from those that the transverse and_ pelvic 
colon offer us, 

Before going into more detail on this point let us 
be clear on the rationale for exteriorisation. 1 would 
say that there were two chief reasons for its intro- 
duction: 


1. Because resection carries such a high mortality. 


2. Because, for various reasons, surgical suture 
of the colon is rendered less certain and secure than 
suture of the small gut, 

Exteriorisation is something in between these two 
methods of treatment; it is safer than the second 
conservative method and, apart from _ suture, its 
application requires the minimum surgical inter- 
ference compatible with the safety of the patient. By 
a comparatively minor and rapid surgical procedure 
to be able to render a colonic wound harmless to the 
patient is a very great achievement and, if it can 
-be done, it is obviously the best treatment. The mo- 
bile part of the large bowel provides the perfect 
anatomical conditions for this type of surgery. 
Wounds of the transverse and pelvic colon which 
can readily be brought to the surface, and which 
can be turned into well spurred colostomies easy 
to close at a later date, come into this category and 
are ideal if exteriorisation is required; surgical 
interference really is reduced to a minimum. 


When we come to the fixed part of the large 
intestine the position is different. Mobilisation is 
necessary to bring the flexures and the vertical 
parts of the colon to the surface and when, after a 
hard struggle, this has been accomplished what a 
sorry sight our colostomy so often turns out to be, 
and how pleased we are to know that it is ex- 
tremely unlikely that we shall have to face the 
formidable task of closing it, should the patient be 
fortunate enough to ‘survive for so long. It is in 
these cases, particularly, that I doubt if exteriorisa- 
tion should be regarded as the best routine treat- 
ment. They carry a comparatively high mortality 
whatever operative procedure is adopted and I do 
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not think that exteriorisation has materially helped 
reduce that figure, The chief reason for this is that 
extensive mobilisation which sometimes must be 
very extensive to produce a satisfactory colostomy, 
is such a shocking procedure, and these war abdo- 
mens, who so often have such a precarious hold on 
life, will not stand it. 


I admit that, in some cases, with a very badly 
damaged segment of bowel one is more or less 
forced to exteriorise, and. that exteriorisation is 
safer than resection; but there are many less severe 
wounds in which there is a choice between mobi- 
lisation and exteriorisation on the one hand, and 
suture and drainage on the other. It is in this type 
of case that I become more and more in favour 
of the latter procedure, 


I think that suture is of particular value in 
wounds of the cecum and ascending colon. I have 
an impression. that mobilisation is a more shocking 
and dangerous procedure on the right side of the 
abdomen than on the left, and certainly an artificial 
opening in this part of the bowel only too often 
provides unsurmountable difficulties, 


Extentive excoration of the skin, spreading sepsis 
and the difficulty of overcoming the excessive dehy- 
dration due to the loss of so.much liquid in the stools 
all combine to add to the mortality. In fact, so poor 
have been my results from exteriorisation of this 
portion of the large bowel that I now try to treat 
wounds of the large intestine up to, and including, 
the hepatic flexure in the same way as small bowel 
wounds, with the addition of adeauate drainage 
both of the peritoneum and of the retroperitoneal 
tissues, I shall refer in more detail to the treatment 
of wounds of this portion of the large gut when I 
come to the consideration of the type of wound 
which is most suitable for immediate closure. 


Having satisfied myself by results, that there was 
justification for this type of surgery on the right 
side of the abdomen it seemed -reasonable to apply 
it to the splenic flexure and descending colon, 
always remembering, of course, that suture in this 
region is not as safe as it is in the more proximal 
part of the large gut. Even so I think there are some 


wounds that are safer closed than exteriorised. 
Whatever incision is employed, be it subcostal, 


transverse lumbar, or any of the various vertical 
approaches, mobilisation of the splenic flexure suf- 
ficient to give an adequate colostomy is, more often 
than not, a major surgical procedure associated with 
a great deal of shock and attended by a definite 
immediate mortality; especially serious is it in those 
patients who anyhow must be submitted to a long 
operation because of the multiplicity of their lesions. 
I am convinced that some of these cases might be 
saved if the simpler and shorter method of suture 
was adopted. 


I have said nothing about the late mortality of 
these cases with difficult colostomies as I have had 
no experience of dealing with then out here; but 
_that there is a late mortality from war colostomies 
is obvious from the information I have received 
through my follow-up cards. I do not suppose it is 
much, but closing some of them must be an unenvi- 
able task. I hope that those of you who have had 
experience of this work will give us your views, A 
colostomy may not have the evil reputation it had 
in the last war when everything was done to avoid 
producing this condition but, until it is closed, it is 
always a potential cause of trouble and, if a patient 
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can safely be saved from its dangers and its unpleas- 
antnesses, it is well worth while, 

It is reasonable to assume that some small wounds 
of the mobile large bowel could also be treated by 
suture and I believe this is being done by some 
forward surgeons. A short time ago I had to close 
a 14-day old burst abdomen in a case a colleague 
had left in my care. Major Harper had sutured a 
wound of the proximal transverse colon at the ori- 
ginal operation and, when I examined the bowel, 
I was surprised to see how perfectly healed and 
healthy it had become in such a short time, By the 
way, why this patient’s abdominal wall gave way 
remains a mystery but he did very well in the end. 
Of the two mobile loops of large bowel I think it 
would be agreed that the pelvic colon gives the 
better results from exteriorisation and here suture 
can only hold a very smal] place. On the other hand 
the transverse colon does not always give such a 
satisfactory colostomy, especially when the wound 
is near one of the flexures. Moreover wounds in this 
region can easily have their suture line reinforced 
with omentum which gives one extra confidence 
when deciding if primary closure is justifiable, 

Intraperitoneal wounds of the upper part of the 
rectum and the distal pelvic colon have to be 
sutured, and it was the fact that so many of these 
cases made such a rapid recovery that induced me 


to be more venturesome jn suturing other portions. 


of the large gut. A proximal colostomy is supposed 
to be an essential part of the treatment of these 
upper rectal wounds, but when the rectum is injured 
from in front, without gross damage and without 
danger of retroperitoneal infection, a colostomy is 
sometimes unnecessary, It is surprising how com- 
mon are these small wounds of the anterior rectal 
wall; they are often associated with a bladder injury 
which makes a colostomy especially undesirable, In 
these cases preparation can be made for a colostomy, 
but the loop of colon left unopened and not fixed 
to the abdominal wall, so that it is a simple proce- 
dure to return it into the abdomen if, as often hap- 
pens, peristalsis becomes established early and the 
bowel functions normally. 


I should like to say a few words about the type 
of Jarge bowel wound that seems most suitable for 
immediate closure as, if this treatment is to be 
adopted, its success depends entirely on the right 
choice of case. We all know the reasons why this 
operation developed such a bad reputation—the 
thin wall so liable to be extensively damaged, the 
precarious blood supply, the lack of complete 
peritoneal covering in some areas, the risk of retro- 
perital infection and the dangerous nature of the 
intestinal contents should the suture line leak. It is 
a formidable list, but these same drawbacks are 
presented to us in civilian surgery and we are not 
frightened by them. It does mean, though, that our 
judgment must be sound and that, when we have 
decided to close a large bowel wound, the operation 
must be performed with considerably more care than 
is required for the successful closure of a small 
intestine perforation. It is obviously asking for 
trouble to attempt to suture a large area of badly 
damaged bowel, or bowel which has a doubtful cir- 
culation, and a case with concomitant bruising ex- 
tending.to some distance from the wound margin 
would be equally unsuitable; this last type is 
unfortunately, not uncommon. Again, wounds involv- 
ing a non-peritoneal surface, or where there is 
mesenteric involvement, are best avoided and a 


distended or heavily loaded bowel is not in a fit 
state for anything but exteriorisation, You may think 
this list is so extensive that it covers most bowel 
wounds but that is not my experience, Many of the 
wounds that I see are not of these alarming types 
and sometimes they are very small indeed with very 
little damage to the bowel wall and very little bruis- 
ing. Though they are not particularly common, 
revolver and machine-gun bullet wounds come in 
this category and they can almost always be closed. 
I would say that about 25% of all large bowel lesions, 
involving a peritoneal surface only, are fairly small 
and clean-cut wounds, unaccompanied by much 
damage to the surrounding wall of the gut, and 
these I would close provided that the other condi- 
tions I have already mentioned were satisfactory. 

Finally let me stress the point I hope I have 
already made, that in the fixed portions, of the large 
bowel where, for various reasons, exteriorisation 
is more difficult to perform and is not so satisfactory 
in its results, it is legitimate to attempt the suture of 
much worse wounds than elsewhere. Particularly is 
this the case in wounds of the ceecum and ascending 
colon where, in my opinion, exteriorisation holds 
a very limited place. Nearly all wounds of the 
cecum can be closed and it is very seldom that the 
bogey of having to deal with a non-peritoneal sur- 
face arises. If the ceecum is badly damaged I think 
it is wise to drain the bowel temporarily by closing 
the perforation round a rubber tube which is 
brought out in the flank, either through the battle 
wound or through a stab, 


Wounds involving the anterior surface only of the 
ascending colon and hepatic flexure lend themselves 
admirably for suture, and if it is a small wound, I 
do not drain the bowel, Unfortunately it is more 
common to meet a wound involving the posterior 
surface, or a complete through and through wound 
of the gut. A certain amount of mobilisation is neces- 
sary to expose these iniuries; but, when this has 
been done, I have found it a safer procedure to 
suture the anterior wounds and to close the poste- 
rior perforation round a rubber tube that can be 
brought out into the flank, rather than to perform 
the much more extensive and shock producing mo- 
bilisation necessary for a satisfactory exteriorisation 
of the affected segment of gut. I must emphasise, 
of course that drainage of the retroperitoneal tissues 
is essential in all cases. 


There. still remain those happily rare cases where 
the bowel in this region is so extensively damaged 
that any form of suture is out of the question. Ex- 
teriorisation may be the only choice left to us, In 
two such cases, I short circuited the terminal ileum 
into the transverse colon and removed the shattered 
remains of ceecum and ascending colon; one of them 
got away with it but it is a formidable “operation 
for a war abdomen. 


What I have said about the cecum and sesuaten 
colon can also be applied to the splenic flexure and 
descending colon but, as I have already said, the 
risks of closure are greater and I would only suture 
small wounds in this portion of the bowel. It has 
not been my custom to give these patients a proximal 
vent though I know that some surgeons perform a 
routine ceecostomy, All the large bowel wounds that 
I have closed distal to the hepatic flexure have had - 
such a limited amount of damage to the wall of the 
gut that I have felt reasonably confident of my 
suture line, and I have done nothing more than 
drain them locally. 
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Personally I have yet to regret suturing a large 
bowel wound; there are some large bowel wounds 
I regret I did not suture, and I am sure it is wrong 
to make a 100% condemnation of this method. In 
the last war, faced with the alternatives of suture 
and resection, and knowing how high was the 
mortality from the latter procedure, suture may have 
been attempted in cases which were not suitable for 
such treatment, thereby bringing the method into 
disrepute. We now have a much more reliable tech- 


nique for dealing with this type of wound, and that 
may well be one of the chief reasons why we have 
reduced the mortality so considerably, At the same 
time, in our enthusiasm for new methods, do not 
let us forget that, both in the last war and in this 
war, a great many colons have been successfully 
sutured; I hope I have indicated, not only why I 
consider there is still a place for this technique, but 
also why I think it remains the correct treatment 
to adopt for certain wounds of the large intestine. 


THORACO ABDOMINAL WOUNDS 


Major G. BLACKBURN, M.B.E., RAMC 


I believe there is general disappointment at the 
results of operations on thoraco-abdominal injuries, 
but the picture, in my opinion, is not as black as 
it is painted, I am glad, therefore, of having an 
opportunity to-day of stating some of my reasons 
for that assertion, and replying to some of my 
friends, who have thought me unwise in making 


it — (even said so in a contemporary medical jour- 
nal) — I would go so far as to say that thoraco- 


abdominal injuries are not, in my view, more serious 
than abdominal I have drawn on my own and my 
colleagues figures to prove it. My own series is of 40 
cases only, but I exclude 8 which were successfully 
treated without operation, leaving 32. Together with 
those of Majors Estcourt, Harper, Rob and Wheeler 
these make up a total of 126 — with 46 deaths. 

That represents a mortality ‘of 36.5% — a figure 
comparable to the average mortality rate of abdo- 
minal injuries and very similar to the 34% over 
150 cases, which Major Rob and I have reported 
elsewhere. If the thoraco-abdominal cases treated 
conservatively are included, the figures are almost 
identical. 


The mortality, 

with :— 

(1) The figure of 51% from Normandy (June, 
July and August 1944 — 147 deaths in 292 
cases), 

(2) 55 and 63% in Gordon Taylor’s two well- 
known analyses, and 

(3) 60% in Brigadier Edwards and Lt, Col, Stead’s 
analysis here in the first six Eieptes of 1944 
(47 deaths in 78 cases). 


One further fact is worthy of note before passing 
from figures, pure and simple, to more interesting 
aspect of the question and that 15 the lower mor- 
tality of right-sided lesions than left (33.8% against 
39.3% or, in figures, 22 of 65 against 24 of 61). This 
is largely due to the presence of the liver on the 
right side, for liver wounds, by and large, do well. 
It has been involved in all 36 right-sided cases of 
which I have details, and three only have an asso- 
ciated hollow visceral lesion. On the left side, on 
the other hand, 15 of 30 cases show a hollow viscus 
injury. These figures are sufficient to remind us of 
the better results of operations on solid viscera and 
this single fact, by itself, goes far to account for the 
similarity in results between thoraco-abdominal and 
abdominal wounds, 


moreover, compares favourably 


But, as I have suggested already, it is not. the 
figures upon which I wish to lay stress. It is rather 
some impressions I have gained from the little I 
have seen and done, which are, I admit, at variance 
with the short accounts of thoraco-abdominal 
wounds to be found in the literature available here. 
To quote Mr. Tudor Edwards “ Addomino-thoracic 
wounds are usually associated with a high mortal- 
ity”, True enough — but what is “high” in this 
kind of work? And is it of necessity higher than the 
average abdominal death rate in war?. “ The fatal 
character of abdomino-thoracic wounds” likewise 
is a phrase that appears often but I believe it has 
been based in most writings on the results from the 
last war. Recent figures from France are an excep- 
tion, but those of the next quarter will probably 
be much better if only for tactical reasons. 


To quote Gordon Taylor once more “‘ He would be 
bold who ventured to foretell that, in this province 
of surgery the zenith of our achievement has yet 
been attained, Already, indeed, the recovery rate 
in the hands of a few individual surgeons, whom 
Luck has perhaps brushed with her wings or who 
may have been fortunate in other ways, has been 
of almost astronomical magnitude ”, He refers there 
to abdominal results from a theatre other than this, 
which have already been fully discussed. But the 
words are as applicable to thoraco- 
wounds and it is fair to say that without invoking 
the goddess or aspiring to the celestial, a figure of 
32% or thereabouts should not be beyond us. I look 
forward to hearing other forward surgeons to-day, 
who think likewise and who will bear with me in 
refusing to regard thoraco-abdominal injuries in the 
traditionally pessimistic light. 


Up to this point, I have carefully used the term 
thoraco-abdominal in preference to abdominal-tho- 
racic. It may sound like hair splitting but, in my 
view, it is the more accurate and bodes less ill. The 
injuries, after all, are due, as a rule, to metal frang- 
ments on their downward path and an entry wound 
in the chest with a foreign body below the 
diaphragm is far commoner than an entry wound 
in the abdomen with a foreign body or exit wound 
in the chest. The latter, which is truly “ abdomino- 
thoracic ” is likely to be the more dangerous of the 
two and a double operation — laparotomy and exci- 
sion of the chest wound — more likely to be requi- 
red than in the true thoraco-abdominal type, 


abdominal. 
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More than half my own cases did notin fact 
require a laparotomy and it is my belief that the 
less often it is required in thoraco-abdominal inju- 
ries, the better are the results. So much is possible 
through the diaphragm that a good many abdominal 
explorations can be saved by enlarging the 
diaphragmatic tear and doing the intraperitoneal 
portion of the operation through it, Splenectomy is 
the best example, and I think it is in faet easier 
by this route than through the abdomen: the acces- 
sibility of the lieno-renal ligament is so much in 
its favour. It is likewise not difficult to repair 
stomach and colon injuries (dare I say without 
exteriorisation?) by the same approach. On _ the 
right side, however, the picture is slightly different 
and simple diaphragmatic closure is usually all that 
is involved. I have long since abandoned the policy 
of plugging the liver (from above,or below) and 
would go so far as to say that masterly inactivity 
is the treatment par excellence of wounds of this 
viscus. As for the presence of bile in the pleural 
cavity, it is not, I think, a serious problem or a 
feature of grave prognostic significance. Liver 
failure (whatever that is) in my experience is much 
more serious. 


I have mentioned repair of the diaphragm, which 
I do in two layers always with catgut. I have also 
combined it at times with a temporary phrenic 
crush on the left side, I need hardly say I shall be 
most interested to hear what is said about that by 
Lt. Col. D’Abreu, Major Nicholson and others (for 
I know little if anything of the results). Diaphrag- 
matic hernia at their end is obviously a very dif- 
ferent problem from that at the initial operation, 
where abdominal viscera or omentum project into 
the thorax and perhaps out of the wound. 


I do not propose here to go into the signs and 
symptoms of thoraco-abdominal wounds but it is 
pertinent to observe that they are full of surprises 
and can be most misleading. The absence of gross 
tachycardia and respiratory embarrassment may be 
deceptive and the degree of blood loss is not as a 
rule severe (excluding extensive lacerations of the 
liver). Shoulder pain may be significant and the 
pain of what is virtually a strangulated diaphrag- 
matic hernia most indicative. 


Operative procedure where’ operation is 
decided amounts as a rule to exploration of the 
chest wound first, with or without laparotomy to 
follow. I have already touched on this point and 
suggested that where possible, laparotomy should 
be avoided. When it has to be undertaken, a 
Kocher’s incision (on either side) gives very good 
access. It is my experience, furthermore, that 
patients breathe better after operation by this than 
by a paramedian approach, This I believe to be im- 
portant, as post-operative pulmonary complicatiorfs 
are not uncommon, 


The lung lesion in these cases is usually not severe 
and simple suture is the most that has been required. 
Contusion of the lung is however common and. it 
is well to bear this in mind when giving intravenous 
fluid. Pulmonary cedema is so easy to produce and 
so difficult to treat that I tend to limit venoclysis in 
these cases even more than in the simple abdominal. 
There are two reasons: 


(1) The frequency of solid viscus lesions only 
and the ability to dispense with gastric 
suction. 


(2) The damage of water-logging a lung damaged 
by the missile or indirectly by blast. 


Amongst the solid viscera commonly injured the 
spleen and kidney figure prominently, The picture 
differs materially from the dramatic picture of 
rupture in civil life, and bleeding, far from being 
torrential in character, is often slight and confined 
to the perinephric space or immediate neigh-. 
bourhood of the spleen, Even injuries, requiring 
both splenectomy and nephrectomy, can occur 
without the blood loss that is usual in tears of the 
mesentery of the small intestine. 


Injuries of the spleen as a rule require splenec- 
tomy, but I have twice treated them conservatively — 
as far as I know without untoward result. Injuries 
of the kidney, on the other hand, do not as a rule 
involve nephrectomy, Tears of the hilar region are. 
notable exceptions, and others in whom heematurie 
persists for more than 24 hours after receipt of 
iniury. The matter of exposure merits a word at 
this juncture and I have had an opportunity of 
doing it transperitoneally through a Kocher or 
paramedian, through the diaphragm and through the 
usual lumbar route. Oddly enough, it presents few 
difficulties, as the subjects are muscular and not 
fat as a general rule and adhesions from infection 
or previous operation unkown. The transperitoneal 
route, I may add, has one thing to recommend it in 
the form of an opportunity of manually determin- 
ing the presence of a second kidney. 


There are many other aspects of the operative 
procedure I could discuss but time does not permit 
it. I would merely add one word on what I believe 
to be the great importance of aspiration of air and/ 
or blood before the patient leaves the theatre. The 
process always has to be repeated in the ward and 
usually within 48 hours, 


The patients, of course, remain the usual ten days 
and it is my practice to do a primary closure of 
both wounds after excision when dealing with a 
through and through injury. Healing has been 
consistently good. Where there is a retained foreign 
body, on the other hand, evacuation to Base is the 
paramount consideration and a man without a lapa- 
rotomy (e.g. a liver wound only) can often leave 
in less than the time that a sutured wound or wounds 
would immobilise him. 


_To sum up:— 


(1) The term thoraco-abdominal’is preferred to 
abdomino-thoracic. 


(2) Of 126 thoraco-abdominal wounds operated 
upon by five different surgeons, 46 died a 
mortality of 36.5%. 


(3) Thoraco-abdominal wounds are not progno- 
stically more serious than abdominal. 


(4) Avoid laparotomy where you can and to the 
abdominal part of the operation through the 
diaphragm. If laparotomy is essential, a 
Kocher’s incision gives excellent access. 

(5) Excessive venoclysis is particularly danger- 

ous in this type of injury, 

(6) Transdiaphragmatic splenectomy is as easy or 
easier than abdominal. 


(7) Conservatism with lesions of the kidney is 
usually well repaid. 
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ABDOMINAL INJURIES AFTER EV 


ACUATION TO A BASE HOSPITAL 


Lt.-Col. H. W. RODGERS, O.B.E., RAMC 


. The object of this paper is to give you some sort 
of picture of these abdominal cases at the base. You 
must forgive me if I do not give you many figures 
but my information has been gathered from sources 
so varied that the accuracy of statistical methods 
is impossible. These sources are as ‘follows:— A 
series of about 50 cases observed at No. 69 British 
General Hospital another series of about 50 cases 
observed during the past month in various other 
hospitals — the death reports reaching AFHQ on 
cases dying in the latter half of last year — and 
from my previous experience, 


First of all let me give you some gross figures :— 


DISPOSAL 
- Category B = 20% 
U.K. = 70% 
Death ee 10% 
ASSOCIATED INJURIES 
(1) Fractures = 28% 
(2) Severe Flesh Wounds = 15% 
(3) Chest = 10% 
(4) Nerve Injuries soe 10% 
(5) No Other Injury = 40% 


Twenty per cent. of the cases were discharged in 
Category B to Convalescent Depots. Seventy per 
cent. were evacuated to the United Kingdom, and 
10% died (The figure was in fact rather less than 
10%). This table also explains why so many were 
evacuated to the United Kingdom. Only 40% had 
no other serious injury, Twenty-eight per cent. had 
serious fracture of such bones at the femur, pelvis, 
etc. Fifteen per cent. had flesh wounds serious 
enough in themselves to lower the man’s category. 
Ten per cent. had an associated thoracic injury — 
that this figure is not higher can be explained by 
the fact that many of the thoraco-abdominal cases 
went straight to the chest centre. Ten per cent. had 
serious nerve injuries, such as paraplegia or sciatic 
nerve lesion. 

I would like to discuss the later progress of 
abdominal wounds under these headings: Sepsis, 
Malnutrition, Dyspepsia, Hernia and Prevention. The 
survey has beea conducted at a rough average of 
about two months after wounding. 


SEPSIS, 


The completion with which intra-abdominal sepsis 
is overcome can be divided into 5 phases:— 

1. The cured are about 50%. They are fit to walk 
and run and to undergo such a severe test as going 
for a ride in a 3-ton truck along the bumpy by- 
roads of the Naples plain. They eat well and their 
blood counts are normal and they are discharged to 
Convalescent Depots or sent to the United Kingdom 
because of other injuries. 


2. The second group might be called the convale- 
scents, of whom there are roughly 10%, and as far 
as their abdomens are concerned, they can best be 
described as having not quite settled down. They 
are slightly tender when roughly palpated and they 
prefer to stay in the hospital rather than travel along 


the bumpy roads. They sometimes have dyspepsia 
and their hemoglobin and blood counts may be at 
or just below the lower limit of normal. 


3. The third group are the invalids again 
roughly 10%, They spend much of the day in bed 
or lying on top of it. They are more sensitive 
to abdominal palpation, and sometimes slightly 
distended, more prone to dyspepsia and. lack of 
anvetite. They usually help sister in the kitchen and 
get rewarded by a few tit bits to stimulate their 
appetite. They are frequently constipated and usually 
have a blood count below normal. They are the 
invalids in bleu, og 

4. The fourth group, another 10%, are the men 
who are still ill, usually on the S.I.L, or D.LL. They 
still have active intra-abdominal suppuration, with 
bouts of pyrexia, pain, distention and even obstruc- 
tion. They are wasted, pallid and have low blood 
counts and possibly low plasma proteins. They will 
take a long time to recover anid may spend a long 
time in group 3 before improving. This is a dange- 
rous state, and delay in correcting their anzemia or 
draining abscesses will be harmful. 

5. Fatal cases form the fifth group; there were 
28 of these during the last six months; all died as 
the result of intra-abdominal sepsis; some with 
general peritonitis, usually with multiple abscesses; 
two of secondary hemorrhage; four with acute 
obstruction or after a laparotomy, and four with — 
that peculiar condition described by Faber in the 
nineties, acute hemorrhagic gastritis. ‘ 


MALNUTRITION 


Coming now to malnutrition. Loss of weight is 
the chief sign of malnutrition and it was very 
noticeable that they had all lost weight, When was 
the weight regained? None that I saw had regained 
their usual weight with perhaps only ene or two 
exceptions, and many remained considerably under 
weight. Some had plasma proteins, hemoglobin and 
red blood cells below normal, and in a few there 
were signs of oedema in the lumbar region and 
ankles. As there was no detectable abnormality in 
the heart or kidneys, it was assumed that the oedema 
was due to under nutrition. It was interesting to 
find that this was sometimes present» when the 
plasma proteins were normal by the copper sulphate 
method. Oedema of the gut could not be directly 
observed, but the dyspepsia, which was sometimes 
present, could have been due to it. 


Now there are a few other points which if taken 
together are, I think, of great interest. These are 
points of medical interest, and I must ask you to 
take them with a pinch of salt, and if there are 
any physicians present, with perhaps two pinches 


of salt. 


These cases often have a secondary anemia, and 
in a few cases we have examined, there is a lowered 
gastric acidity. The tongue occasionally shows 
atrophic filiform papillae and on two occasions I 
thought I saw spooning of the nails, In fact it was 
a Clinical picture rather like the simple achlorhydric 
anemia of female civilians. 
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DYSPEPSIA 


Numerous patients had dyspepsia, of what might 
be called the obstructive type. I don’t suggest that 
they had severe mechanical obstruction, but they 
had frequent regurgitation, a feeling of fullness, 
their appetite was easily satisfied and they suffered 
from constipation. These are all, I feel sure, organic 
symptoms but there is no treatment for them, other 
than treatment of the patient as a whole, and for the 
patient’s mental health, I think they are _ better 
disregarded; for I believe if too much attention is 
paid to them, they may persist; and persist they did 
after the last war. Most of us who dealt in dyspepsia 
in peace time can remember them right up to the 
outbreak of the present war, 


HERNIA 

The incidence of incisional hernia is high. .The 
merits of the various incision commonly used may 
be judged on the hernia rate and the ease with 
which the hernia can be repaired. Before I go any 
further, let me warn you that I am in favour of 
the midline incision. In this you have a moderate 
rate of hernia but you are left with two intact recti 
which can be fairly satisfactorily repaired. In the 
paramedian, the hernia rate is also moderate and 
the exposed margin of the muscle in the herniated 
cases appears to be reduced in bulk and such cases 
are presumably less easy to repair. In the rectus 
split incision. which is a vertical cut through the 
muscle and sheath to one side of the midline, the 
hernia rate is very high —— almost 100%, The muscle 
to the inner side of the incision atrophies and makes 
repair difficult. Consider for a moment this strip 
of muscle, cut off by the incision from most of its 
nerve supply and some of its blood supply, bruised 
and retracted, rubbed with the septic contents that 
have leaked from the boles in the gut and sewn 
up without drainage. You cannot expect it to 
recover and it doesn’t. I can do nothing but 
condemn the recent fashion for rectus split incision, 
which is not even easier to make or sew up than 
the midline. 


PREVENTION i 

The prevention of hernia I don’t want to discuss 
any further, 

Dyspepsia is better ignored to prevent it becom- 
ing an established psychological entity. 


The sooner the patient is cured of his sepsis, the 
less will he be liable to dyspepsia, 

Malnutrition is inevitable at the beginning and its 
early correction is important. 

‘I would recommend here the use of a rehabilitat- 
ing transfusion of blood or plasma before the patient 
leaves the forward area so that he does not have 
to make the journey to the base with a low 
hemoglobin or plasma protein. He should be given 
good palatable food with a high protein content 
and persuaded to eat it. He should have iron and, 
in case they do any good, whatever vitamin tablets 
you have available, All this should be done early. 


Sepsis. The prevention of the harm done by 
sepsis in again a matter of the timely use of drain- 
age, and of the early correction of anzmia or 
lowered plasma protein. I will now describe an 
instructive case:— 

He arrived at my hospital in an ansemic att 
septic state having had a gunshot wound of the 
pelvic colon small gut and cecum. He had a trans- 
verse colostomy and a cecostomy, and he was 
draining feces from a posterior entrance wound 
which having transversed his ilium had produced 
the hole in the c#cum, He was very ill and we 
transfused him repeatedly to get him fit enough for. 
us to do something to stop this posterior leakage of 
cecal contents. We took several weeks to restore 
his blood to a point just below the lower limit of 
normal and then one day he became severely ili, 
vomited blood and died within 14 hours, Post- 
mortem examination revealed a huge retroperitoneal 
abscess into which he had a secondary hemorrhage, 
and that his hematemesis was due to acute toxic 
hemorrhagic gastritis. I feel that had we been 
quicker at restoring his blood picture and increas- 
ing the retrocecal drainage we might have saved 
the catastrophe. 

The great thing is to transfuse, feed, and drain 
early. 

In conclusion I would like to take you back to 
Hampstead. If you go up to the Heath and pass 
the coconut shies on your right and the white stone 
pond on your left and go down the hill to the north, 
you will come to a large house, lying a little back 


from the road, where the band used to play on. - 


Saturday afternoons, On the side of the house is a 
large sundial on which is written Spencer Wells’s 
advice in the treatment of these cases, “ Do to-day’s 
work to-day.” > 


am 


RN 


INJURIES TO THE COLON 


Lt.-Col. BENNETT 


Thirty-nine cases of injury to the colon were admit- 
ted to 3 N.Z. Gen Hosp from 28 Nov. 43 to 5 Jan 45. 
Five of these had double wounds, at widely sepa- 
rated points of the gut and with the exception of 
one accidental injury to the rectum, all were due 
to missiles. 

According to the records the severity varied from 
retro-colic hematoma with or without bruising of 
the bowel to a complete transection of the large 
bowel, There were two deaths, 


SITES:OF WOUNDS: ’ 
The sites of the wounds are shown below, 


Right side Left side 
(including hepatic Esp le (including splenic Rectum 
flexure) 5 ; flexure) 


9 7 18 10 
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OTHER ORGANS INVOLVED: 
In 15 cases the colon alone was injured and in 24 


others abdominal or thoracic viscera were also 
involved. 
SD? ACR ern Seer le ene Peale oareees LOL TEE) 
Colon | g ne v Hs 
Colon plus é 2 BE 2. Ee e 3 
alone |___| 3 aoWlroSslo "ols os] Spe |e] Boe 
a |e eeZblas lzssleccl Si cle tsia 
(3) = »- O > me get g Gea! 9 >. 4 ° [= 
@ |~ (Sees eeesiGec ea) 2/48 /e] 8 
ge | a|"2") ee/'8"| B3/2)/ 3 eat 
S q - me =] ig 
2 & & r 
15 1 Oi lone 1 2 2 A Dp is! 5p poe Resa lnc od oF 


IMMEDIATE OPERATIVE TREATMENT (In Forward Units) 

In almost all instances operative treatment by 
forward surgeons followed closely the procedure 
recommended in various Administrative Instructions 
for the treatment of wounds of the colon, The injured 
colon was either mobilised and brought out, in most 
‘ases through a separate incision in the abdominal 
wall, or, in the case of the rectum, a proximal 
colostomy was made in the left inguinal region. A 
Paul’s tube was employed in three cases of injury 
to the right side of the colon, 


In two cases of injury to the cecum with retrope- 
ritoneal haematoma and bruising, the surgeon was 
satisfied with establishing wide drainage to the 
injured area. Subsequently small fecal fistule 
formed, which after a short period, healed without 
necessity for further operation, 


In one case of injury to splenic flexure the wound 
in the colon was repaired and a transverse colostomy 
carried out. The perforation in the bowel healed 
satisfactorily and the colostomy was finally closed 
without difficulty 67 days after the wound occurred. 


IMMEDIATE OPERATIVE TREATMENT (Forward Units) 

Exterior- ' Wea! Proximal 

Baten | “fastion ) Proximal | Pout's | Dislaese, | colostomy 

without 2 y tube oto (splenic 

with spur. spur, (rectum) colon only flexure) 
21 AS 10 3 2 1 


- COMPLICATIONS AND SEQUEL during the period bet- 
ween the original operation and.the date of final 
closure or of evacuation to New Zealand, 


Abscess 
Intra- Retro- 4 Osteo- 
rience peritoneal | peritoneal Ph ae ee, myelitis 
abscess abscess ail sacrum 
3 3 4 4 2 2 


IN ADDITION: 1 case (fatal) — Urinary fistula (due to damage to left 
kidney (splenic flexure). 

1 case (fatal) — Abscess of liver around retained metallic 

foreign body (cecum and ascending colon). 


FACAL FISTULA: 


Two of the feecal fistulae have already been men- 
tioned. The third occurred in a case of complete 
transection of the fixed portion of the pelvic colon. 
With difficulty the surgeon brought two short 
lengths of colon to the surface but recorded that 
he ‘had trouble in approximating them, The fistula, 


which discharged into the wound of entry in the 
anterior part of the left buttock, developed at the 
point of greatest tension on the spur, The result was 
a short spur only, but it was possible to crush this 
and when the bowel] was freed for final suture the 
fistula. was included. A wide drain was placed 
posteriorly through a perforation in the blade of the 
ilium and the bowel healed satisfactorily with com- 
plete return of normal function, 


INTRA-PERITONEAL ABSCESS AND PYOPNEUMOTHORAX : 

Three intra-peritoneal abscesses occurred, They 
were a pelvic collection and two sub-diaphragmatic 
abscesses. one on the right side and one on the left. 
These, like the two pyopneumothoraces. are re- 
garded as results of penetrating abdominal wounds 
in general and not particular complication of injury 
to the colon. All were drained successfully, 


RETRO-PERITONEAL ABSCESS 
ABDOMINAL WALL: 


AND ABSCESS OF THE 


Much more serious complications were those of 
abscesses in the abdomina] wall,-either in the inter- 
muscular lavers, or the retro-peritoneal tissues. It 
is noteworthy that these collections were almost 
“silent”, The indications of their existence were 
a steady deterioration of the patient’s general condi- 
tion accompanied by a_ severe persistent almost 
intractable anaemia. Localising physical signs were 
few, There were four cases of each type of abscess 
encountered. : 

Examination of the records seems to indicate that 
the main causes were (1) inadequate amount of 
bowel brought to the surface (2) colostomy brought 
out through the laparotomy wound (which was an 
extension the entry wound in all the cases showing 
this complication). These two causes are more inter- 
related than at first appears for the reason that these 
colostomies are oven from the outset, in contra- 
distinction to the considered colostomies of civil 
surgery. Where the edge of the gut did not overlan 
the skin or where all the tissues of the abdominal 
wall did not fit closely round the loon of the bowel, 
feeces were able to seep between the edges of the 
sut and the wound. Infection then sprend along the 
tissue planes, On the one hand, tension on the loon 
end on the other, the loose subcutaneous tissues of’ 
the laparotomy wound favoured this seepage. If. in 
addition, the retroperitoneal space had been widely 
stripped up and was filled with masses of blood 
clot or tissues infiltrated with blood very extensive 
abscesses developed. 

All but one of these abscesses were successfully 
drained—the unsuccessful one being an undiagnosed 
abscess in one of the fatal cases. 


No case which had the colostomy brought through 
a separate incision, or in which the retro-peritoneal 
tissues had been well drained showed this complica- — 
tion, 


OSTEOMYELITIS OF THE SACRUM: 


There were two instances of this complication. 
In one, a severe accidental injury, the original 
wound involved the sacrum and a large sequestrum 
was removed ultimately. In the other, the infection 
of the bone followed removal of the coccyx for 
exploration and drainage of the para-reetal tissues. 
In four other cases in which the coccyx was 
removed for similar reasons no infection of the 
sacrum occurred, 


INJURIES TO THE COLON 


DEATHS : ; : 

There were two fatal cases, The first was a case 
of multiple compound fractures plus injury to the 
splenic flexure and the lower half of the left kidney. 
Operation was not performed until thirty hours after 
the soldier was wounded, The procedure employed 
was mobilisation of the splenic flexure to form a 
colostomy but the kidney was not removed. On 
admission this soldier was almost moribund but he 
reacted temporarily to resuscitation measures. There 
was a profound state of aneemia present and it was 
felt that further operation could not be entertained 
at the time. He died a few days later and a post- 
mortem examination forty-eight days after he was 
wounded showed that a portion of the kidney was 
still functioning. There was a large retro-peritoneal 
abscess extending from the region of the splenic 
flexure to the left iliac region not previously 
diagnosed, 

The second was a case of severe bruising and 
perforation of the right side of the colon with a 
machine-gun bullet retained in the liver. He also 
was verv ill for a long time and became very ema- 
ciated due to prolapse of the ileo-ceecal valve 
associated with an inter-muscular abscess in the 
loin due to backward seepage of feces at an earlier 
stage. The ceecum was closed but he died 10 days 
later, 128 days after being wounded. At post-mortem 
the condition in the region of the caecum was satis- 
factory but there was an abscess cavity in the liver 
containing 4 ozs of foul pus. This abscess was in 
close relation to the retained bullet, . 

The following extract from the AF, W.3118 will 
serve to show the difficulties in this case:— “ Ope- 
ration 31 hours after wound. Laparotomy through 
transverse incision—ascending colon contused for 
3-4 ’—numerous perforations. Free blood in_ the 
neritoneal cavity. No other obvious bowel iniury 
but much retro-peritoneal hemorrhage in the right 
iliac fossa. Czecum and ascending colon mobilised 
and brought out of wound, Paul’s tube inserted— 
wound closed. ” 


LATE OPERATIVE TREATMENT (In Base Hospitals) 


In 20 cases the colostomy was closed and normal 
continuity of the large bowel re-established. There 
was one death in this groun which has_ been 
described above. Two cases, also described above. 
healed spontaneously. Two cases were operated 
upon in a Base Hospital in Egypt and the remaining 
sixteen were closed at 3 NZ General Hospital. In 
addition information has been received of one case 
closed in New Zealand. 

It is outside the scope of this paper to discuss the 
technique employed except to say that well recog- 
nised methods were used, and particular attention 
paid to gaining the vatient’s confidence by explain- 
ing the result expected from each stage of the closure 
of the colostomy. 


CiLosurE OF CoLOsTOMIES 


Extra-peritoneal repair 
after crushing of spur 


Extra-peritoneal repair 


Self closure without need to crush spur 


2 6 j 12 


DIFFICULTIES ENCOUNTERED IN MANAGEMENT: 

1. Inadequate amount of bowel brought out of the 
abdomen, 

Two hazards were encountered because insuffi- 
cient gut had been mobilised outside the abdomen. 
One has alréady been discussed above under com- 
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plications, namely abscess formation in the abdo- 
minal wall. The second was the added danger of 
opening the peritoneal cavity during the freeing 
of the wall of the gut from the surrounding tissues 
at the time of closure. This accident occurred on 
three occasions but as it had been anticipated and 
as the peritoneum was closed immediately no harm 
resulted in any case, None the less it was an added 
anxiety. 


2. Unsatisfactory spurs, 


Here again two difficulties had to be overcome, 
namely, the inclusion of vessels in the spur and 
the approximation of an insufficient length of gut. 

It will be agreed that the characteristics of a 
satisfactory spur are that it should be at least three 
inches long, the walls of the bowel should be closely 
approximated throughout its length and that it 
should consist of a minimum of tissue. 

The dangers of allowing the vascular borders of 
the two limbs to lie together are only too plain. 
When the spur is clamped severe pain is likely to 
occur and the possibility of secondary hemorrhage 
or necrosis of the bowel cannot be dismissed. 

In several instances pulsating vessels have been 
felt in the spur. An attempt was made to crush one 
of these but considerable pain associated with pallor 
of the mucous membrane of the gut occurred and 
the attempt was abandoned. Later, as it was found 
possible to free a considerable length of colon, the 
colostomy was closed without crushing the spur. 

In another similar case after great care the spur 
was crushed but this procedure was followed by 
a severe degree of cedema of the edges of the gut. 
After a long period this subsided and this colostomy 
too was closed, 

The risks of too short a spur are equally great, 
namely, the likelihood of damage to some other 
abdominal viscus or of perforation of the bowel. 

Civilian experience of resection of the colon by 
Paul’s method plus a limited observation of surgery 
in recent wounds of the colon has shown that unless 
particular care is taken, the mobilised limbs of the 
colon tend to come together with the vascular 
borders in contact particularly if there is tension 
due to insufficient mobilisation. Moreover, the sup 
porting of colostomies with glass rods or rubber 
tubes through the mesentery favours this. varticular 
apposition of the two limbs. 

It would seem therefore that to be perfectly safe, 
the two portions of colon should be sufficiently mo- 
bilised so that a line of sutures could be placed 
close to the anti-mesenteric of anti-vascular border 
for at least three inches, Further, when sutured they 
should be brought well outside the abdomen, and 
so stitched to the peritoneum and in addition to the 
skin margin, that a good portion of the bowel lies 
outside the. abdominal wall. 


PROLAPSE OF THE COLON: 


This occurred in two cases on the right side where 
the opening in the gut was close to the cecum, In 
one case, the ileo-ceecal valve was lying on the 
abdominal wall, The difficulties encountered in that 
case were those of dehydration and loss of nutri- 
ment. Attempts at increasing fluid by the mouth and 
the use of large quantities of the usual nourishing 
foods merely increased the looseness of the motions. 
The further complication of the digestion of the 
skin added to the problem of management those of 
pain and lack of sleep in an already debilitated 
patient, The difficulty could be obviated by closure 
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of the caecum at the earliest possible moment—as 
soon, in fact, as the extent of possible necrosis due 
to damage of the wall has declared itself, If a Paul’s 
tube-is used, the day it comes out would seem to be 
the optimum time. Freeing of the edges and insertion 
of a purse—string suture was sufficient to close some 
cases of this type. As was said above, an early 
employment of this procedure might have sayed one 
patient. 


IMPACTION OF FACES 


In a surprising number of cases collections of 
hard faeces were found in the lower colon, and in 
one or two cases these impacted masses caused great 
pain to the patient and necessitated manual removal, 
It is easy to understand how under war conditions 
feeces may lie under the dressings and pass on by 
peristalsis into the distal limb, a small amount at a 
time, until a large mass collects. During evacua- 
tion from hospital to hospital the usual care of the 
distal limb of the colostomy is likely to be forgotten. 
Insistence on washing out the distal limb at regular 
intervals after the first few days should obviate 
this difficulty. 


Summary 


I would like to pay a tribute to the excellence of 
the notes of the forward surgeons, made often, I 
know, at peak period of work, The fact that almost 
60% of these soldiers already have the normal 
function of the colon restored is an additional 
acknowledgement of the work of these surgeons who 
had to perform the original life-saving operation. 

Nevertheless, the presence of a temporary colo- 
stomy is a continued psychological insult, which 
should be removed with the least risk as soon as 
possible. 

The more I study these cases the more I am led 
to conclude that a smooth post-operative course and 
early and safe restoration of the continuity of the 
. colon will be ensured if:— 


(1) Once a surgeon has decided that it is neces- 
sary to exteriorise a portion of injured colon, scru- 
pulous attention is paid to the formation of a pro- 
perly placed spur, and to the bringing of the gut 
well outside the abdomen through a small incision 
separate from the laparotomy wound, 

(2) Good drainage is provided whenever a retro- 
peritoneal haematoma is found. 


Colonel E. D. Churchill 


We have had a most stimulating morning, beginn- 
ing with the paper of Major Rob, who tells us that 
unnecessary laparotomy must be avoided; then we 
had the paper of Major Estcourt who raised the 
question: “ Should official recognition be given to 
the fact that certain injuries of the large bowel are 
best closed by primary suture? ”. Major Blackburn’s 
paper pointed to a more optimistic view point on 
thoraco-abdominal injuries, and advised avoiding 
laparotomy when possible, and that splenectomy 
should be done through the diaphragm, and called 
attention to the hazards of giving these patients too 
much fluid intravenously, Then we had the excellent 
production of Colonel Rodgers dealing with the 
problems of rehabilitation of these patients at the 
base, with the dangers of turning them into psycho- 
neurotics. Finally the paper by Col. Bennett. The 
meeting is now open for discussion, and I am sure 
these papers deserve consideration from the floor. 


DISCUSSION 
Major Cleland 


I should like to speak on this problem of closure 
of wounds of the large intestine. It occurred to us 
that the policy of exteriorising might possibly be 
modified in such a way that the prolonged presence 
of a colostomy could be avoided. The first idea we 
had was that we might close a small hole and 
exteriorise that portion without turning in into a 


colostomy. We tried that in one or two cases, but. 


were very disappointed. Then came a case of a 
small single hole in the region of the hepatic flexion 
of the colon, We thought: ** Why shouldn’t we suture 
this hole and bring out a single wall of the colon?”. 
We did that by making a small incision about an 
inch and a half long in the flank. This required the 
absolute minimum of mobilisation. I was anxious 
about this case, for there appeared to be a slight 
twist in the bowel: After two days I opened it to 
act as a safety valve. All that remained at the end of 
ten days was a slight discharge of feecal matter, In 
the course of 24 hours, normal bowel motions 
returned, 


Major Benison 

I should like to stand four-square with Major 
Estcourt in all that he has said about closure of 
wounds of the large intestine in certain cases. I 
think it is very necessary that this should be 
brought up today. I think the choice of method of 
treatment of a wound of the colon depends very 
largely on where that wound is. It is quite possible 
in the mobile parts, to do a double-barrelled type of 
operation, which is easy to close by crushing the 
spur, but in the fixed parts of the colon in order 
to get a spur it is necessary to mobilise the colon, 
which involves opening the tissues planes to a 
degree which is likely to cause serious consequences, 
My own personal figures are very small, I hope to 
be permitted to quote to you the following:— 
Wounds of the colon I have treated by suture only 
on eight occasions with no mortality in the forward 
areas, I don’t know what happened to them at the 
base for the usual reasons! A type of exteriorisa- 
tion was performed on nine occasions, with seven 
deaths. Colostomy, with or without suture, was 
performed on seven occasions with four deaths, This 
experience prompted me to look around to try and 
find out by what method my results could be 
improved. It is not possible to exteriorise some 
parts of the colon without extensive mobilization, 
which I consider a very dangerous procedure, I 
think it is necessary in the fixed areas of the colon 
to use one’s ingenuity, and if the wound is not 
suitable for suture, perform some modified form of 
exteriorisation even though this may result in a 
colostomy which may be difficult to close. 


Major R. Clarke 

I would like to make one or two points. Firstly, 
I disagree with Major Estcourt about the difficulties 
and risks of mobilising fixed portions of the colon. 
Undoubtedly one is dealing with seriously ill and 


even dangerously ill patients who are only able to 


stand a certain amount, If the mobilisation is done 
rapidly, a colostomy of a satisfactory nature could be 
provided without the operation being very difficult, 
or the colostomy unusually dangerous to close 
afterwards, Patients usually suffer more from the 
wound than the choice of the operation. I would 
like to say that I have closed ten colostomies, I 
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would like to. say how much I agree with the 
contents of Major Blackburn’s paper that one should 
approach thoracic-abdominal operations with a 
rather optimistic point of view. The thoracic 
approach makes splenectomy much easier. Two 
other points: one is the attitude growing up amongst 
Commanding Officers that there is something magic 
about evacuating abdomens on the 10th day. A 
great number are unfit for travel on the 10th, 20th 
or even 30 th day, We have to decide for ourselves 
when they are fit for travel. The longer we keep 
them, the more they need some of the things which 
are only available at the base. We have acquired 
for ourselves the necessary apparatus for doing 
hemoglobin estimations, and it has been very satis- 
factory. We are thus able to get a better check on 
how much hemoglobin, blood and plasma is needed 
by these patients, 


Lt.-Col. Raven 


When wounds of the colon are considered, I think 
it wise to refer to our civil experience when we 
learnt to distinguish the difference in surgical beha- 
viour of the proximal and distal parts of the colon. 
Regarding wounds of the distal colon. I think that 
the principle of exteriorisation should remain, If 
there is difficulty in the exteriorisation of a portion 
of the bowel, suture of the wound, combined with 
tranverse colostomy as a safety measure should be 
performed. 


Regarding the proximal colon, I believe there is 
a place for the operation of right hemicolectomy in 
a special type of case. I refer to multiple wounds 
of the ceecum and ascending colon, or a large ragged 
wound, with severe hemorrhage from branches of 
the right colic or ileo-colic arteries. In such cases, 
right hemicolectomy, performed quickly, may be a 
life-saving operation, In cases of recto-vesical iniury 
it is wise to institute a tranverse colostomy, It is 
good to see the gloom dispelled which has surro- 
unded abdomino-thoracic injuries. The _ trans- 
thoracic, trans-diaphragmatic route of approach to 
the viscera in the left upper abdomen is capable of 
greater development. It is unwise to minimise the 
gravity of some of these injuries. In some cases 
torrential hemorrhage may occur: I refer particu- 
larly to wounds involving the renal artery and renal 
vein, when the resources of the most experienced 
surgeon may be taxed to the utmost. A practical 
point of value is to crush the left phrenic nerve 
before conducting the trans-diaphragmatic proce- 
dure. The left kidney as well as the spleen can be 
removed by this approach, 


Lt.-Col. Gledhill 


Whilst I agree with the general principles of all 
that has been said by my friends in forward areas 
I feel that it is very important that we do -not 
establish or attempt to establish any set principle 
in the treatment of colonic injuries. It is all very 
well to discuss these minor injuries of the large 
bowel, for we all know that every one of us can 
satisfactorily get away with a minor iniury of the 
colon, We have all done it many times, but the 
judgment required to decide which you can or 
cannot get away with can only be obtained after 
a certain amount of time in dealing with these 
injuries, Therefore, as a principle I think we must 
still maintain as a hundred per cent. that the first 
line to follow in dealing with large bowel injuries 
is exteriorisation or colostomy, The question of mobi- 


lisation of the segments is an acute one. I do agree 
that the procedure is liable to cause a great deal 
of trauma and danger to the patient, but I do not 
agree that it is difficult procedure. It only takes a 
few moments, and it is a procedure which must 
of necessity be performed when the injuries are 
severe. The question of the cecum is an important 
one, and L think at certain times there is a great 
deal of worry as to what to do. I don’t agree with 
Major Clarke and Colonel Raven that the operation 
of right hemi-colectomy should be undertaken 
without a great deal of thought and discrimination. 
Many of these cases that have sufficiently extensive 
lesions to warrant this procedure are extremely ill. 
I have attempted it on two or three occasions. I 
have got away with one of them, I have also on 
two or three occasions exteriorised the whole of the 
injured area, I may say the damage in these cases 
was extensive and so does not come into the cate- 
gory of minor wounds of the colon, I have exterio- 
rised wounds of the caecum with success. It is a 
simple operation and can be done quickly, and I 
have several cases in mind. Going back for a moment 
to Major Rob’s paper I think it was most excellent. 
Consideration of the papers written on abdominal 
injuries in this war has always given me a certain 
amount of thought. The matter of the negative lapa- 
rotomy has very rarely been considered, and I think 
Major Rob’s figure is the best vou can ever hope 
to get in abdominal surgery. The other question I 
would like to mention is Major Blackburn’s paper 
on thoraco-abdominal wounds. I disagree that the 
correct approach is through the chest. I think that 
only if the wound is of such a size that is could 
all be exposed through the thorax, then it is 
obvious, that vou should go through the diaphragm. 
It is absolutely essential in abdominal wounds to 
take X-ravs,. The location of missiles enables one 
immediately to place the incision, 


General Monro. 


It usually requires a great deal to get me on my 
feet, for I am a_ notoriously bad speaker, but you 
have shown in this meeting such a standard in your 
talks that I would like to congratulate this Command. 
I have not heard at any meeting I have attended, 
and I have been to a good many, such good common 
sense talked on these surgical problems. I would 
congratulate the speakers on their most excellent 
papers. The majority of vou know me, and I realise 
that a seat in the stalls here, or a revolving chair 
at the War Office which is my official position, 
hardly entitles me to speak on technical matters. I 
am merely a listener, I have had a certain amount 
of surgery in this and in the last war, and I have 
seen many pioneers from the Middle East meet 
again here. You are all miles ahead of a fellow 
in my position, and I would not dare to speak 
except on general principles. I would agree with 
those people who are inclined to go easy on the 
exteriorisation of the ascending colon. We have got 
to review our ideas there, and [ think you are open- 
ing the way throughout this discourse, I think you 
are making history, This war-time surgery is the 
basis of advance in surgery, and will reflect itself in 
civil life. It did so in the last war, and will do so 
again in this. Just in passing, I would like to say 
that in the December issue of the AMD Bulletin you 
will see the figures of the recovery rate for, the 
forward surgical units of the B.L.A. printed. Later 
the figures from this Command will follow, We hope 


64 PROCEEDINGS OF THE CONGRESS OF CMF ARMY SURGEONS 


then to follow that up with a systematic follow-up 
of the cases we have been able to follow in the U.K., 
showing what results you are getting, These figures 
are not printed to induce a spirit of rivalry between 
Commands, It exists, we all know that. But that is 
not the idea. There are many in the Corps in very 
remote places who have not the advantage of attend- 
ing a meeting like this and like to read what other 
surgeons are doing, That is the whole obiect of it. 
The follow-up in the’ U.K. has been extremely 
difficult. The E.M.S, has not got the machinery, but 
we are on the way to getting this under control. 
Our civilian colleagues are doing a iob under diffi- 
cult conditions, and have not the advantages of 
seeing the conditions in which you fellows are 
working. Now whenever the word “ follow-up ” has 
been mentioned there has been a titter round the 
room, There is very much to be regretted. If a 
satisfactory follow-up is to be expected the follow- 
up cards and case notes must be legible. I think the 
follow-up should be a two-way traffic. Even if you 
don’t get a follow-up card, if you know who treated 
the case, and you think something is wrong, don’t 
hesitate to write, and use the card both ways. I 
have had batches of 30, 40, or 50 cards per week 
from AMD. 2 (Stats) still untouched. I knew this 
trouble from the last war. We think two or three 
don’t put on addresses. Others wanted to know “ if 
it was a case of sciatica,” or “if it had turned out 
just as they thought.” I wrote back and said that 
these cards are to be used by any medical officer 
who wants to know anything, even if he only wanted 
to know if his diagnosis of measles is correct. I am 
sure it will be better from now. on. Don’t get 
disheartened, Still use the cards. I think you will 
get them back, 


In conclusion I think it may interest you to know 
of a town in which we captured a German hospital 
situated in a Belgian civil hospital, The unit that took 
over found about 1400 cases looked. after by a 
“ doktor’ who said he was head of a _ surgical 
research unit and had under him a team of some 
20 to 30 doctors. In a discussion at the Roval Society 
of Medicine at the last. inter-Allied meeting there 
were four speakers who spoke about surgery in 
the German army. One speaker who was a P.O.W. 
for nearly two years in Germany, was a divisional 
officer who took over this German hospital. He 
said “I have never experienced such a horrifying 


morning, You could smell the hospital a mile before 
you got to it, A German surgeon was asked how 
many patients could be got out. As many as possible 
were evacuated, and about 500 were still left. They 
were piled in long wards with the beds not adequa- 
tely spaced but in pairs one above the other. The 
majority of the limb wounds were in plaster with 
pins projecting through the plaster in various direc- 
tions. Drainage tubes at least an inch in diameter 
were sticking out of every possible wound. The 
place was stinking. There were tins intended to 
catch pus dropping from the top cot to the lower 
one, and overflowing on to the floor, It is inconceiv- 
able from this description’ that such a thing can 
occur. The windows of the main ward had _ not 
been opened for 6 months, and the whole place 
was just dreadful.” 


Well I feel I had to tell you that to show you that 
whatever else Naziism has done, its surgery is right 
back to pre-1912, That is nothing much to compare 
with what you are doing. You are doing marvellous 
work. The Director General particularly asked me 
to give you his felicitations and regards and to 
wish this conference success, and [I do think T will 
be able to go back with lovely memories of what I 
have seen so far. I am sure the rest will be on the 
same very fine level. 


Brigadier Edwards. 

Several speakers have referred to the “ official 
view”. When T listened this morning to these 
magnificent papers, and magnificent they were, I 
felt there was no need for an “ official view ” (hear, 
hear), and I am sure Brigadier Stammers will agree 
with me on this. Surgery cannot be just a routine, 
although under war conditions a pattern is essential. 
As regards the question of exteriorisation, we have 
had a routine, which has never been put on paper 
in this Command, — that of exteriorisation of all 
wounds of the colon, Experience during the past 
year and more has shown us the weak points in 
such a routine. I would ask you, however, not to 
discard the routine lightly, and would summarize 
the lessons learned from today’s papers in this 
way:— ; 

Exteriorisation is the operation of choice for all 
wounds of the left colon. Some wounds of the right 
colon, including the cecum, may, however, be best 
treated by suture and ceecostomy and drainage. 


ANESTHESIA IN ABDOMINAL OPERATIONS 


Lt.Col. BERNARD JOHNSON, RAMC 


There have been many advances in the treatment 
of the wounded man in this war, The advanced 
surgical centre, penicillin, pentothal are but only 
a few. There is, however, one direction in which 
we have not made any advance, in fact beware lest 
we retrogress, I refer to the anesthesia for laparo- 
tomy in the severely wounded, The standard anzs- 
thetic, for such cases is often deep etherisation, We 
human beings are strange creatures indeed, for if 
vou, ask the average experienced surgeon’ or 
aneesthelist as I have often done, “Do you ever use 
local anesthesia? ” the answer is invariably “Oh 


yes! always for my severe or desperate cases”, If 
the gravity of the case is the result of metallic frag- 
ments and not the perforation of a bleeding ulcer 
or the ravages of some malignant growth should we 
change our tactics? If so, I wonder why? Perhaps 
we have not had time to think, Perhaps the excite- 
ment and swirl of modern war have made us fearful 
to deviate from the narrow path we tread. A path 


no doubt laid down by rush and fatigue at a time 


when we were bearing burdens—and bearing them 
well—which, on reflection, seem greater than we 
should have borne, Let us, therefore, in the peaceful 
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atmosphere of this room try to resift our impres- 
sions and re-marshal our facts. It will not be amiss 
if we begin by reminding ourselves of some of the 
effects upon the human body of inhaling 10% ethcr 
vapour in air, Let us not deal with the possible or 
probable effects, many of which may be open to 
doubt. Let us only recall those disturbances of the 
normal physiology which we know beyond all 
doubt occur as the results of etherisation. We must 
of course remember that the effects of inhaling ether 
vapour occur whatever concentration is inhaled, 
but it has been shown that all the reactions to the 
drug become marked when the vapour exceeds a 
concentration of 8%, Furthermore these reactions 
are increased as the etherisation is prolonged. I do 
not propose to take up your time dealing with the 
question of loss of conciousness produced by ether, 
but rather let us note its effect in turn on the cardio- 
vascular system, the kidneys, the liver and the blood, 
four of the principal systems of the body which 
all show definite reactions to injury no matter what 
part of the body is injured. 

No one can fail to be struck by the obvious vaso- 
dilation associated with etherisation, This is due 
to a local action of the drug on the capillaries and 
may persist as a sort of vascular paralysis for some 
hours after the administration of the drug has 
ceased, especially if the administration has been 
prolonged. It has been shown that ether can reduce 
the vasomotor tone in the extremities almost as 
efliciently as sympathectomy. Apart from giving the 
patient a nice pink colour and therefore us, a false 
sense of security, what are the effects of this vaso- 
dilatation? Firstly there must be an increased heat 
loss, I need hardly remind you of the efforts that 
have been made to conserve the body heat from the 
moment the wounded man is picked up. In the for- 
ward areas we can not always ensure that our 
operating theatres will be very warm, nor can we 
always guarantee that when the patient leaves the 
theatre his surroundings will be such that this arti- 
ficial ability to lose heat, which remember, may 
persist for some hours, can be discounted, Secondly 
this vaso-dilatation assists in the reduction of plasma 
volume, a point I will refer to later. Thirdly, since 
there is a vaso-dilation the body calls for an 
increased cardiac output. But ether is depressant 
to cardiac muscle, decreasing its contractability and 
the force of heart beat. We see, therefore, greater 
demands being made upon an organ already measur- 
ably jeopardised. Seemingly then, as far as the 
cardio-vascular system is concerned, ether is not 
the anzesthetic of choice. 


Now consider the kidneys, those organs which 
are of such interest to us owing to their not infre- 
quent trick of failing to function following injury 
to some other part of the body. Various workers 
claim to show intracellular changes in one part or 
another of the kidney following the administration 
of ether, Be that as it may, one fact we do know, 
and that is that deep ether anesthesia notably 
reduces the urinary output. The fact that this 
decrease is due, partly to increased absorption of 
fluid by the tissues and partly to constriction of the 
renal capillaries may or may not be of import to 
mention now. The point I wish to make is that ether 
definitely disturbs the function of an organ already 
subjected to strange and unknown factors, factors, 
which unaided by ether, may cause anuria. Surely 
Wwe must avoid any possible encouragement to the 
onset of this terrible condition, 


The liver shows some specific reactions to ether 
anesthesia which are so marked that they deserve 
our thought and consideration. I do not think there 
is as yet a great deal of accurate and reliable inform- 
ation about the reactions of the liver to severe 
injury of the body. But it is, I think, generally 
accepted, that if the body receives a severe injury 
there is an outpouring of glycogen from the liver, 
and also certain abnormal substances are found to 
be present in the blood, from which they can only 
be removed by hepatic activity. In fact there is every 
reason to suppose that considerable disturbance of 
normal hepatic function takes place, I sometimes 
wonder if hepatic disfunction may not be a factor, 
if not the factor, which causes the gradual post- 
operative failing and eventual death in those, not 
infrequent cases, which, on post mortem examina- 
tion, reveal no obvious cause of death. That, 
however, is purely surmise, let us dwell only on 
facts, and the fact is that etherisation causes 
depletion of hepatic glycogen. One worker showed 
that the liver. loses one half of it glycogen during 
the first hour of deep etherisation, And _ further, 
that he could produce hepatic degeneration by 
depleting the liver of its glycogen and then subjecting 
the animal to deep etherisation, Ether anzesthesia 
decreases the excretion of dyes by the liver, and 
this decrease persists for 24 hrs. in the normal 
hver after the ether is withdrawn. The liver of the 
badly wounded man seems to be called upon to 
perform a strange and mighty task when he is 
anzesthetised by ether, 

Now let us just briefly remind ourselves of the 
effect of ether on the blood. Two known changes 
take place which must attract our attention, espe- 
cially when considering the matter from the point 
of view of dealing with the type of case we have 
in mind. The first is the acidamia which occurs, 
there being a marked lowering of pH and a fall 
in the alkali reserve, I need not remind you of the 
effects of this on general metabolism. The second 
is a definite inspissation of the blood revealed. by - 
an increase in Hb% and the red cell count, which 
may increase by as much as 15%, It is obvious 
therefore that ether does much to delay the return 
to normal of the blood chemistry and volume. 


I will not devote any time to consideration of 
that old old problem — the effects of ether 
anesthesia on post operative pulmonary compli- 
cations, 

For surely we have reviewed the pharmacology 
far enough to be forced to conclude that ether 
attacks our patient at all his most vulnerable points 
and is by no means the anesthetic of choice for the 
severely wounded man. That, gentlemen, is exactly 
the conclusion our fathers came to in the last war, 
so we can hardly claim to have made a _ very 
brilliant discovery. We should perhaps hang our 
heads in shame, for-it appears we have either 
ignored or forgotten their teaching. We can hardly 
claim forgetfulness, for scattered through the 
theatres of war are those lumbering machines de- 
signed by Boyle in 1917 in an effort to reduce the 
amount of ether administered. What alternatives to 
deep etherisation have we in our armamentarium 
which will produce satisfactory relaxation of the 
abdominal wall and not produce, in an already 
badly shaken physiology, the serious reactions we 
have just enumerated? Unfortunately our resources 
are small. The most ardent supporter of high spinal 
aneesthesia is forced to admit that, for mechanical 
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reasons alone, it is impossible to apply this form 
of anesthesia to the vast majority of our badly- 
wounded cases, 
with this class of case for very long to learn the 
limitations of pentothal. The marked anoxia re- 
quired to produce satisfactory anesthesia with 
nitrous oxide and oxygen is even more lethal than 
pure chloroform, In the near future there is every 
reason to hope that preparations of curare will 
come to our aid, but for the present we must en- 
deavour to minimise the effects of ether or to be 
content with a method we know not to be the best. 


The place of novocaine in abdominal section was 
a very minor one in England prior to 1924. In 
that year Apperley, who had seen Finsterer—that 
master of local anzesthesia—performing major ab- 
dominal operations under “local” with such 
amazing results, published a paper on local and 
light general anesthesia for abdominal surgery. 
The practice spread very slowly through the British 
Isles till 1932 when Finsterer visited the country 
and fanned the glowing embers into flame. Up to 
the outbreak of this war I think I would not be 
exaggerating if I said that major abdominal opera- 
tions in practically all the big surgical centres in 
Europe and USA were performed under local and 
light general or high spinal anzesthesia. Deep ether 
anesthesia being avoided. It is of interest and im- 
portance to note that the great Wilkie, whose 
judgement and teachings are so much respected, 
asked that local and light general anzesthesia might 
be the aneesthetic when he submitted to laparotomy. 
Needless to say his wish was granted. I have heard 
it said and seen it written that local anesthesia has 
no place in forward surgery, On what grounds that 
statement is made I do not know. I can find no evi- 
dence of it being tried extensively. A few cases 
here, a few cases there, yes! but no real persistent 
‘test has, as far as I know, been made. Personally, 
my own limited experience has led me to believe 
that there is a place, a very big place, in forward 
surgery for local and light general anesthesia. In 
fact I would be at a loss for acceptable arguments 
were I asked to defend the opposite opinion. But 
for one reason or another the method has either 
been discarded or, more usually, never attempted. 
There are many good reasons for this in war— 
lack of proper apparatus, etc., but chiefly I believe 
it is lack of confidence in the method before it is 
attempted. The excuse most frequently offered is 
lack of adequate syringes and needles or that the 
method is too time consuming. 


Whatever may have been the position in the past 
there is now an ample supply of sets of Labat 
syringes and needles to be had for the asking. 
One per cent, novocaine solution is easily obtained 
by diluting the standard novutox with an equal 
volume of sterile normal saline—supplied ready 
sterilised by the F.T.U! Let us give the question 
of time a litthe unbiased examination. Now it takes 
from 10 to 20 minutes to do what is commonly 
called “an anterior abdominal wall block.” That 
is to inject novocaine into the sheath of both the 
recti deep to the muscle. I say 10 to 20 minutes 
for some abdominal walls are more difficult than 
others—the thin are easier than the fat, and some 
administrators are slower than others. With prac- 
tice and with everything at hand it may not take 
much more than five minutes. But still, for the 
sake of argument let us say that it takes % hour. 


We do not have to be associated 


Now it is not often that a surgical team doing 
priority one and two cases is so pressed that it 
must work continuously for 24 hours. But suppose 
that were the position and that during a 24-hour 
period they had only abdominal cases—a most 
unlikely occurrence—and that each case took a 
total time of 1% hours. The team would then 
operate on 16 cases. But if each case took 1% hours 
then the turnover would be reduced to 13.7 cases— 
a reduction of only two. When we consider the 
matter on more usual lines, i.e., 8-hour operating 
periods, but still all abdominal cases, we find the 
turnover to be 5 cases 1% hours each or 4.6 cases 
1% hours each. Not, I think, an alarming fall in 
turnover. And of course when we apply the prin- 
ciple to the “ mixed bag” of cases usually met, the 
extra time expended over the few abdominal cases 
can hardly need consideration when viewed in re- 
lation to a whole operating session and the great 
advantage to the individual patient. Some of you 
may. wonder why the suggestion of light general 
plus local anesthesia has been made. Why not 
local only? The answer is that, apart from some 
general anesthesia being required for the treatment 
of wounds other than the abdominal one, a light 
plane of general anesthesia allows of quicker exam- 
ination of the abdominal viscera, .For under local 
anesthesia alone the patient is conscious of trans- 
mitted vibration and will be disturbed by any trac- 
tion on the mesentry unless it is very gradually 
applied. Under existing conditions,’ the most 
satisfactory method we have available for producing 
light anzesthesia is nitrous oxide oxygen ether. Re-_ 
member that the effects of ether become more 
marked as the concentration increases. The more 
practised the anesthetist the less ether will be used. 
In my opinion cyclopropane is the ideal adjunct 
to the local anesthetic, but at present this is not 
available in sufficient quantities to issue it to all 
units, nor are there suitable machines with which 
to administer it. The War Office, however, has now 
consented to send six more such machines to this 
theatre and they will be distributed to those for- 
ward surgical centres who desire to try the tech- 
nique. As a result of this experiment I have no 
doubt that every surgical team will demand that 
cyclopropane be made available to them. So loud 
will be the chorus that the Treasury will be forced 
to loosen the’ purse strings. In the meantime I ask 
you most earnestly to give this question your very 
serious consideration and practical trial with the 
tools available. Now, while the amount of work is 
small, we have the ideal opportunity to become 
more familiar with the technique and give the 
method a proper trial. Do not reserve it for the 
almost hopeless case. If you agree that deep etheri- 
sation is a serious handicap to the very ill patient, 
why not avoid that handicap for the less seriously 
afflicted? 


I am aware that I have brought you nothing new 
to-day. What I hope I have done is to rekindle 
your enthusiasm for something that is old and tried. 
Tried, it is true, under different conditions to those 
under which we work. But surely it is the proud 
aim of our profession to bring to the wounded 
soldier all the advantages of modern medical 
science. Unflagging determination and boundless 
ingenuity have achieved this to a degree undreamed 
of five years ago. That determination and ingenuity 
are still alive and virile. It only remains for you 
to say: “ This shall be done.” 
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A SUMMARY OF THE RESULTS OF ABDOMINAL SURGERY IN C.MF. 


by 


Lt.-Col. J. R. St. G. STEAD, RAMC 


The purpose of this paper is to present a summary 
of the results of 560 abdominal battle casualties 
operated upon in the forward areas in Italy between 
Ist January and 30th June, 1944. The cases were 
treated by units of the United Kingdom, Dominion, 
Indian and certain Allied forces; the terrain over 
which fighting occurred varied from mountains to 
plains and beaches; some cases were treated in 
mid-winter and others in mid-summer; the lines 
of communication and administrative arrangements 
varied as much as the degree of pressure under 
which the cases were done. With so many factors 
so variable, mere statistics can be of little value in 
assessing any one form of treatment or modification 
of operation technique, and the figures should there- 
fore be regarded as representing the results of treat- 
ment of abdominal casualties by the Army Medical 
Services in Italy. 

The notes of the cases forming this series were 
obtained from three sources. The principal source 
was the accounts of abdominal cases included in the 
monthly reports of the surgeons who had operated 


TABLE 1 


upon the patients. Another source was the field 
medical cards of patients who had died in the for- 
ward areas. The third source was the documents 
of those patients who had died in Base Hospitais. . 


It is not known what proportion of abdominal 
‘cases operated upon during the period under review 
are included in this series. Certain units known to 
have been engaged are not represented, and others 
did. not report all the abdominal cases operated upon, 
It is considered, however, that a series of 560 un- 
related cases is probably representative of the work 
as a whole. The only reason for reiection of a case 
was lack of precise information in these notes. 


An alphabetical list of the patients’ names was 
made, including the last three figures of the regi- 
mental number, in order to avoid confusion with 
very common or very difficult names. Each case 
was then given a serial number for convenience 
in grouping and counting. The information obtained 
from the case notes was tabulated and this table 
formed the basis of the analysis. 


Analysis of Cases of Abdominal Battle Casualties and Battle Injuries 


WITH ASSOCIATED INJURIES WITHOUT ASSOCIATED INJURIES TOTAL 
SITES OF LESIONS se ; % j % : % 
ages Died Mortality Cases Died Mortality Cases Died Mortality 
SINGLE VISCUS INVOLVED 
OE eae earner ae 5 4 80.0 7 1 14.3 12 5 41.6 
Small intestine... .. .| 47(11)| 276) | 67.4(54)| 69(10)| 24¢7) | 34.8(70) | 116(21) | - 51(18) | 43.9(65) 
Car aie scene a a 18 11 61.1 52 19 36.5 70 0 42.8 
Ee a oer oe 3 42.8 12 5 41.6 19 8 42.1 
Bladder . : t 3 | 25.0 5 Nil Nil 9 1 11.1 
a EE Any et ie el ea a 8 1 12.5 25 10 40.0 33 11 33.3 
MU gig vse e 4 3s. 3 3 100.0 6 1 16.6 9 + 44.4 
Kidney .. : 5 1 20 0 12 4 33.3 | 17 5 29.4 
Total 97 51 52.5 188 64 34 285 115 40.3 
TWO VISCERA INVOLVED 
Small intestine+Stomach . 1 Nil Nil 4 3 75.0 5 3 60.0 
Small intestine+Colon. . .| _ 24(5) 17(3) | 70.8(60) | 71(15)| 36(9) | 60.7(60) | 95(20)| —53(12) | 65.7(60) 
Small intestine+Rectum 3(1) 2(1) | 66.6 12(2) 7(1) | 58.8 15(8) 9(2) | 60.0 
Small intestine+ Bladder . Nil Nil, Nil 4(2) (1) | 25.0 4(2) 1(1) | 25.0 
Small intest.+Solid viscus. 1 Nil Nil 11 4 36.3 12 4 33.3 
Bladder-++-Rectum..... 1 1 100.0 4 a 25.0 5 2 40.0 
Mee Weta akin hes 1 __Nil Nil 5 1 20.0 6 1 16.6 
Total 31 20 64.5 |= EU 53 47.7 142 73 51.4 
MULTIPLE VISCERA INVOLVED 
Multiple viscera .... .| 16 | 16 93.7 |. 61(2) | 382(2) Py Seed ay 47 ieee 11 
WITHOUT VISCERA INVOLVEMENT 
Wounds of peritoneum . . 3 2 66.6 8 Nil Nil 11 2 18.1 
Hemo-peritoneum ... . 9 7 TT 1 Nil Nil 10 7 70.0 
Retro-peritoneal Hamotoma 5 1 20.0 18 4 22.2 23 5 RT 
Negative Laparotomies . .| 11 3 27.2 11 land Wee 22 rie 22.7 
Total 28 13 46.4 38 6 15.8 66 19 28.8 
Grand Total 172 99 57.5 388 155 39.9 560 | 254 45.4 


Figures in ( ) denote Resection of Small Intestine 
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All cases have been divided into two main groups 
of which one contains cases with abdominal lesions 
only, and the other of cases in which there are 
associated injuries which might affect the result. 
Penetrating wounds of the head and chest, major 
fractures and extensive soft tissue wounds are 
included in these associated injuries. It will be 
observed that in this series extra and_ intra- 
peritoneal lesions of the bladder and rectum have 
not been differentiated, and renal lesions have been 
included. 

The over-all mortality in the series of 560 cases 

ras 254 or 45.4%, TasBLe 1. This table shows the 
analysis of the cases according to lesions. It is 
divided into four groups, of which the first consists 
of cases in which a single abdominal viscus is in- 
jured, the second of cases in which two viscera, and 
the third of cases in which more than two viscera 
are involved. The fourth group is made up of 
cases in which no. visceral lesion was found at 
laparotomy. The cases counted as negative laparo- 
tomies are those in which the operation notes 
definitely state that nothing abnormal was detected. 


Most surgeons present have already had an oppor- 
tunity of studying these figures and I do not pro- 
pose to go through them in detail. It will be seen 
that even in a series of this size the numbers of 
certain single lesions and groups of lesions are so 
small that the percentage mortality is of little sig- 
nificance. One may perhaps draw attention to 
the figures for lesions which have been discussed 
during the morning. Of 70 cases in which the 
colon was the only abdominal viscus injured 30 
(42.8%) died. The mortality was 61.1% in 18 
cases associated with other injuries, and 36.5% in 
uncomplicated cases. It is interesting that the mor- 
tality is approximately the same as that for lesions 
of the small intestine—51 (43.9%) in 116 cases; it 
should be pointed out, however, that a much larger 
percentage of small intestine wounds had associated 
injuries, and the mortality for 69 uncomplicated 
cases was 34.8%. 

The mortality for cases in which solid viscera 
only are involved might cause surprise, but again, 
the numbers are small and the results of a larger 
series are required before comment is justifiable. 

The second and third groups, as is expected, have 
a higher mortality. The totals in each group give 
some indication of the proportionate size of the 
group. 

The fourth group has been discussed during the 
morning. The nomenclature in this group was 
adopted as representing most accurately the condi- 
tion described in the operation notes. Laparotomy 
was performed upon 45 cases (8% of the total of 
560) in which no intra-peritoneal lesion was found 
with a mortality of 22%.. The totals for the two 
main groups are as follows:—of 172 cases with 
associated lesions 99 (57.5%) died; of 388 without 
associated lesions. 155 (39.9%) died. 

Among the factors which might influence results 
in abdominal cases the time lag between wounding 
and operation has always been considered of great 
importance. Fic, I. Four hundred and fifty cases 
in which the time lag was stated were grouped on 
a 6-hour basis. Three hundred and nine (69%) 
cases were operated upon within 12 hours of 
wounding and 373 (83%) within 18 hours, The 
mortality is represented by the shading in this 
figure, It will be seen that the later groups are 


extremely small. The rise in mortality is very 
marked after 18 hours when represented as a curve: 
Fic. Il, but as the later groups are so small the 
percentages may give grossly exaggerated impres- 
sions. : 

Other factors such as resuscitation, operating 
time, anesthesia, modification of technique and 
post-operative care not reported upon through lack 
of precise information. 

The jnterval between operation and death was 
recorded in 291 cases. Fia. II, 160 (55%) patients 
died within 24 hours of operation and of these 94 
did not survive for more than 12 hours (14 of them 
died during operation). From 2nd-10th day there 
were 97 (33%) deaths, and 34 (12%) patients died 
after the 10th day. — 

A diagnosis of the immediate cause of death was 
available in only 89 cases, in 68 of which autopsies 
had been performed. Of the 160 cases where death 
occurred within 24 hours 15 had autopsy and the 
cause of death was recorded as shock in eight of 
them, heemorrhage in three, peritonitis in two. 
Blast lung and gas gangrene were the diagnoses in 
the remaining two. 

The causes of death in 50 cases in which death 
occurred 2-10 days after operation are shown on 
the following list: 


P.M. 

Per- 

: No. ‘formed 

Renal insufficiency - - - a «13 4 
Pulmonary embolus - - - Say 5 
Peritonitis - - - - - en, 8 
Gas gangrene - - - - - - 4 2 
Pulmonitis Sigictee - - - o>? ag 2 
-aralytic ileus - - - - yeaa 1 
Mediastinitis  - - -) - - ee 1 
Cerebral contusion - - - ea - 2 
Asphyxia—f.b. in larynx - - - 1 - 
Right-sided heart failure - - - i 1 
Shock - - =. - - - - 1 1 
Pancreatitis—fat necrosis - - - 1 1 
Secondary hemorrhage splenic artery 1 1 
No cause of death found - - ee 3 
50 32 

Renal insufficiency appears to be the most 
important cause of death in this group. The im- 


portance of this condition may be exaggerated by 
this series, firstly because it is easily diagnosed, 
secondly, because at the time this condition was 
‘ausing anxiety and it is probable that all cases in 
which it occurred were recorded, On the other 
hand a diagnosis was available in only half the 
cases in which death occurred from the second to 
tenth day. Therefore, the proportion of cases of 
renal insufficiency to other common causes of death, 
e.g., peritonitis, is probably unduly high in this 
series of 50 cases. The diagnosis was confirmed by 
autopsy in only four cases and no histological re- 
ports are available. It was observed that renal 
insufficiency had an appreciable incidence only in 
the summer, whereas peritonitis occurs in all 
seasons, and is probably the commonest single 
cause of death in the 2-10 day period. Paralytic 
ileus was recorded only twice and fatal pulmonary 
complications occurred in four cases. The other 
causes of death are due to associated injuries or 
may be considered accidental. 
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Figure I 
The distribution of 450 cases grouped in time intervals up to 48 hours after operation, 
‘and the mortality of each group. 
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Figure II 


The relation between time of operation and percentage mortality. As explained in the text, 
this must not be taken unreservedly as absolute evidence of the value of early operation. 
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Time interval between operation and death in 291 cases 
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Of 34 cases in which death occurred after the 
tenth day the diagnosis was stated in 24, and con- 
firmed by autopsy in 21, 


P.M, 

* Per- 

Fic, 5. No. sormied 
Peritonitis - - - - ee) 10 
Lung abscess - - - - - =e 1 
Secondary hemorrhage - - eee 2 
Osteomyelitis pelvis _ - - - -3 2 1 
Streptococcal meningitis - - ee 2 
Tuberculous broncho-pneumonia - aie: | 1 
Pulmonary embolus - - - aya 1 
Liver abscess - - - - eas | 1 
Acute intestinal obstruction - - 5 2 2 
24 1 


At this stage infection is almost the only cause of 
death. Peritonitis is by far the most common lesion, 
and although other infective lesions are quoted as 
the immediate cause, they were almost invariably 
associated with, or complications of, peritonitis. 

These figures ‘emphasise four facts. 


1. That when the rejection rate of forward sur- 
geons is almost negligible there is a very high mor- 
tality within 24 hours of operation. 


2. That infection, usually peritonitis, is by far 
the commonest cause of death after 24 hours, and 
almost the only cause of death after the tenth day. 


3. That there is an. appreciable mortality (12%) © 


after the tenth day. 


4. That in the period under review renal in- 
sufficiency appeared as an important cause of death, 
although accurate information regarding the aetio- 
logy and pathology of the condition is not available. 


This, then, is the bald statement of resuits in 
terms of survival and death in this series of 560 
cases. Surgeons who have published their own 
series have sometimes claimed better results. This 
is to be expected as by the time a surgeon has 
collected a sufficiently large series to justify pub- 
lication his experience is above the average. The 
results in this series compare favourably with those 
of similar series so far published by British surgeons 
and they require no apology. 


Wednesday, 14th February 1945 
AFTERNOON SESSION 


Clinical Meeting at 
No. 10 (CBr) Convalescent Depot 


Presiding : 
Brigadier W. Rowley Bristow 
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THE ORGANISATION OF A CONVALESCENT DEPOT 


by 


Lt-Col. T. F. BRIGGS, RAMC 


The function of a convalescent depot is twofold. 
Firstly, the restoration of sick and wounded to com- 
plete physical and mental health in the shortest 
possible time. Secondly, to treat those cases whose 
recovery will not be complete and whose ultimate 
disposal will be recategorisation and recommenda- 
tion for suitable employment. 


The work of grading and the disposal of conva- 
lescents needs considerable judgment and is best 
performed by those medical officers who have had 
experience of duty in forward areas, and fully 
understand front line conditions, The O.C. division 
of a convalescent depot must be a-sound clinician, 
a judge of character, a good disciplinarian and must 
possess a personality in which tact and firmness are 
adequately balanced. In those patients who have 
been exposed to the strain of battle for long periods, 
there is in some cases an understandable reluctance 
to return, and these men are amongst the most diffi- 
cult cases with which a depot has to deal. The im- 
portance of obtaining first class medical officers is 
emphasized by these cases. 

It is certainly my own experience, as I am sure 
it is the experience of many others, that the facili- 
ties of convalescent depots are not fully realised. 
Patients could in many instances be received from 
general hospitals earlier than at present, with a re- 
sulting clearance of hospital beds, and this is parti- 
cularly the case when a rehabilitation wing is atta- 
ched in which full physiotherapeutic measures can 
be carried out. 

On the other hand, convalescent depots should not 
be used for cases which, having gone through the 
whole range of physiotherapy for many weeks in a 
general hospital are referred to the depot with a 
recommendation for the continuance of measures 
which have already proved completely unsuccessful. 
This is the type of case in which early decision 
as to disposal is essential, and, in my opinion, this 
decision should in most cases be made before the 
patient leaves the general hospital, The sooner a 
_decision.is made, the sooner the man becomes em- 
ployed, even if the employment be in a lower cate- 
gory, with the consequent prevention of many of 
the chronic hospital types who are far too frequently 
seen. At a recent board I saw an infantryman who 
with two years’ service abroad had served for one 
month only with his battalion, the remainder of 
the time having been spent in general hospitals, 
convalescent depots and I.R.T.Ds, This man could 
have been downgraded many months before with 
omer both to himself and to the general war 
effort. 


No, 10 (Br) Convalescent Depot consists of the 
normal 2,000 bedded depot with an officers’ wing 
of 50 beds. In addition are attached No. 11 Hospital 
Expansion and No, 1 Rehabilitation Wing. Both 
attached units are housed in the depot buildings, 
and the three units work as one. This combination 
has, during the last five months worked extremely 
well, and, certainly in depots situated near hospital 
centres, might well be adopted as the standard 
convalescent depot. 


The hospital expansion of 100 beds expanded to 
200 beds, was originally attached for malaria cases, 
but after the malaria season was over, was used for 
light medical, and later, for surgical cases. Infective 
hepatitis and malaria were sent as soon as afebrile, 
and thus relieved general hospitals at a very busy 
period when many casualties were coming from 
the line. In addition, when hospitals in this area 
started cold surgery in October, the hospital «xpan- 
sion took cases, particularly of internal derangement 
of the knee and hernia, very shortly after operation 
and this ensured a more rapid turnover in the 
general hospitals. Cases have been received as early 
as six days after operation and the average is now 
ten days. 


The Rehabilitation Wing has a= specialist in 
physical medicine and six physiotherapists of which 
one is specially trained in occupational therapy, It 
consists of physiotherapy and occupational therapy 
departments with A.P.T.C, instructors specially 
trained in rehabilitation work. Occupational therapy 
in this depot is therapeutic only and is prescribed 
in accordance with the disability it is desired to 
improve. The use of the occupational therapy 


‘department for purely diversional means is not 


carried out partly through an extreme shortage of 
materials, and also it is considered that by restrict- 
ing it to a therapeutic use more individual attention 
can be given to the patients employed. Should larger 
quantities of material become available the depart- 
ment would be extended, Diversional therapy is 
carried out in the hospital expansion with materials 
supplied by the British Red Cross. 


Several alterations to normal convalescent depot 
routine have been made of which the following may 
be worthy of notice:— 


(1) Depot Grade 1F. In addition to normal depot 
grades of graduated physical training, it was felt 
that a standard test, particularly for the infantry 
soldier, was necessary. This test consists of an 
assault course which is only designed as a test 
of free movement of all joints and of adequate 
muscular power and not of stamina, The second 
test is a 5-mile march to be completed in one hour. 
It is felt that if these tests are satisfactorily perfor- 
med the man is fit for discharge to unit or to I.R.T.D. 


(2) Specialists’ Visits. Arrangements have been 
made for specialists to visit the depot to see cases 
referred to them by O.C. Divisions. An orthopedic 
specialist (Major B. Stimson, RAMC) visits twice 
weekly. Lt.-Col, Capper, RAMC, and one surgical 
specialist visit once weekly and a psychiatrist visits 
once weekly. This method of referring cases has the 
following advantages over the previous one of send- 
ing cases back to hospital 

(a) There is a_ great 
transport. 
There is rapidity of decision and disposal. 
Medical Boards are held the day following 
the specialists’ visit. 
The man seen in the depot regards it as 


saving in time and 


(b) 


(c) 
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part of the normal depot routine and not 
as a return to hospital. 


(d) The surgeons concerned are enabled to see 
the end results of treatment. 


(3) Pre-operative Treatment. Cases for operation 
were collected from Western Italy and sent to the 
depot to await admission to hospital for operation. 
On arrival all hernias were placed in the hernia 
company and started exercises at once. Cases of 
internal derangement of the knee were sent to the 
rehabilitation wing for remedial exercises and for 
physical training, In this way, diagnosis of knee 
cases was facilitated, and in many cases passed 
through all stages of rehabilitation wing and depot 
training without breakdown, being returned to their 
units either in their present, or in a raised category. 
Major Stimson is satisfied that this preliminary 
training has greatly assisted the accurate diagnosis 
of knee conditions. 


The progress of cases through the depot and 
attached -units is shown in the accompanying dia- 
gram. Cases requiring physiotherapy are seen by the 
O.C. division and if considered suitable are treated 
in the depot remedial department by the normal 
staff. This department has improvised pulley appa- 
ratus, rowing machines and the usual remedial 
apparatus. Two corporal masseurs and a chiropodist 
are attached, 


If the O.C. division considers the cases require 
more expert supervision they are referred to the 
O.C, rehabilitation wing for consultation, and are by 
him divided into three classes. The more serious 
‘ases are admitted to the beds of the wing. Those 
requiring special remedial measures are treated as 
outpatients in the wing treatment room which is 
equipped to give infra-red, radiant heat, faradism, 
galvanism and wax bath treatment. The third group 
are those considered to be fit for treatment in the 
Depot remedial department. 


All cases are afterwards transferred to the appro- 
priate depot grade and after passing through the 
grades are discharged in the normal way. 


The hospital expansion takes post-operative cases 
of internal derangement of the knee and hernias, on 
discharge from general hospitals, for the first 10-14 
days of treatment, after which knee cases are 
transferred to the rehabilitation wing and hernias 
to the depot hernia company. 


All hernias go through the full course of rehabili- 
tation as laid down in A.M.D, bulletin No, 11. 


The rehabilitation of sick and wounded requires 
the following four main essentials :—- 


(1) Occupation. Men must be kept occupied 
throughout the day. In this Depot the morning is 
divided into two periods, one of physical training 
and one of lectures and demonstrations. The after- 
noon period until 1600 hours is occupied with orga- 
nised games, route marches and on one afternoon 
massed P. T. In connection with this, it is essential, 
even if the depot is tented, to have adequate accom- 
modation in buildings or in Romney huts for 
physical training and recreation in bad weather 
conditions. 


(2) Accommodation and feeding must be the best 
available, and good surroindings and good food have 
a marked effect on the recovery of patients. 


(3) Recreation, Every effort must be made to pro- 
vide the maximum recreational facilities for off duty 
hours, The following facilities are available: — 


(a) Library, Reading and Writing Room, and 
Information Room with maps of all fronts 
kept up to date and illustrated by photo- 
graphs. 


(b) Games Room for ping pong, darts and other 
indoor games. 


(c) Theatre. This Depot is fortunate in having 
a theatre seating 1,000, with an adequate 
stage. No evening of the week is without 
some form of entertainment. Two film 
shows and the Depot Concert Party show 
are run weekly, and E.N.S.A, and Welfare 
concerts, Tombolas, horse racing and other 
amusements fill in the week’s programme. 


(d) A Wine Bar has been established which 
has had a marked effect in the reduction 
of numbers of patients going to the local 
wine shops, which not only serve bad wine 
at high prices, but are the rendezous of 
the undesirable females of the district. 


(e) A Salvation Army Canteen providing tea 
and cakes which has an orchestra of four 
playing six nights a week. 

(f) Day leave to Rome is given within the 
limits laid down by the District authority. 


(g) Swimming pools. For summer months three 
large swimming pools are available: 


(4) Discipline. It is necessary that the standard of 
discipline should be maintained st a high level. 
Only by this means will such crimes as absence 
without leave and selling of Government property 
be kept to a minimum. 


With good discipline allied to adequate recreation 
the number of charges originating against soldiers 
remains extremely low. 


Since the Depet opened in April 1943 nearly 
20,000 patients have passed through and in the 
past four months the Depot has dealt with 5,021 
cases. Of cases referred since October for cold 
surgery a total of 196 cases of hernia have received 
either operation or a satisfactory truss, In the same 
period 251 cases of internal derangement of the 
knee have been treated. 


The average duration of stay of.all cases has been 
24 days. This figure is raised by long term’ cases 
of which examples are fractured scaphoids, internal 
derangements of knee and hernias. 


Of other cases the times under treatment in the 
depot are as follows, based on the figures of the 
last quarter of 1944. 


All types of wounds - - - 20 days 
Infections of skin (furunculosis etc.) 23 days 
Infective hepatitis - - - - 21 days 
Malaria - - - - - - 14 days 
Diphtheria - - - - - 24 days 


A convalescent depot is faced with many admini- 
strative difficulties, not the least of which is a deplo- 
rably inadequate war establishment, but with an 
enthusiastic and efficient staff very valuable work 
can be done in the rehabilitation of the sick. and 
wounded soldier, 
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After Col Briggs’ paper the visiting surgeons were Lt.-Col. Bhatia, RAMC — “ Gunshot wounds of the 
taken round the various departments of the Conva- Knee”, 
lescent Depot. Demonstration of Lt.-Col. Bhatia’s cases. 

This was followed by a series of short demonstra- Major P. Clarkson, RAMC — “ Skin Grafting.” 
tions :— Demonstration of Major Clarkson’s cases. 

Major B. Stimson, RAMC — “ Selection of cases Lt.-Col. W. M, Capper, RAMC — “A case of deep 
of Internal Derangement of the Knee for Operation”. Femoral Thrombosts.” 

Demonstration of Post-Operative Knee Cases Demonstration of case. 
(Major Andrew, RAMC) The visit ended with tea in the officers’ mess. 


Se hin, 


che 


ORGANISATION OF CONVALESCENT DEPOT 


Organization of 10 (Br) Convalescent Depot 
With No. | Rehabilitation wing 
And No. 11 Hospital expansion Mitached 
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HOSPITALS TRANSIT CAMP REALLOCATION CENTRE 
FOR 9k RATD. IRTL AT.D. 1 R7.D. Ete LOCAL UNITS 


Lecenn: 
—— Normal cases. 
— Cases requiring physiotherapy. 
— __ Postoperative cases (Idk & Hernia) discharged early from gen. hospitals for rehabilitation. 
— Medical and minor surgical cases discharged early from hospital]. 
—= Preoperative cases (Idk & Hernia) and cases referred back to hospitals. 
a Cases recategorized and down graded. 


Note: All transfers between departments are ‘notified to and registered by the depot reception office. 
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Thursday, 15th February 1945 


Presiding: 
Major-General D. C. Monro, C.B.E., K.HS. 


Consulting Surgeon to the Army 


Brigadier Edwards 


We are glad to welcome two more distinguished visitors to this conference, 
Major-General Philip Mitchiner, from the Middle East, and Brigadier Naunton 
Morgan, from Paiforce. General Monro, Consulting Surgeon to the British Army 
has kindly consented to take the chair. 


General Monro 


It is a great pleasure for me to take the chair, and kick off in what in a 
minute or two should be a most interesting session. Before doing so, as a result 
of enquiries made yesterday, I’d like permission to ask a question, and get a 
show of hands. How many officers in this building who were entitled to a free 
issue of the Field Surgery Pocket Book have received a copy (Show oj hands). 
It is quite obvious there has been a hold up in the distribution. 
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MISSILE. INJURIES OF THE URETHRA 


by 


Lt-Col. D. S. POOLE-WILSON, RAMC 


Introduction 


The urethra is a small organ. In the male it is but 
eight inches long and about a centimetre in diame- 
ter. It is, however, a tortuous tube and surrounded 
by the most curious sphincter and erector mecha- 
nism in the body. It is therefore not surprising that 
battle injuries are rare, and that when they do occur 
they are often serious and frequently the prelude 
to a life of physical and mental anguish. . 


Just under a year ago, when the preparations for 
the Cassino battle were under way, Brigadier 
Edwards asked me to establish a Genito-Urinary 
Centre for the treatment of the injuries of the blad- 
der and urethra, He, moreover, set me a more dif- 
ficult task by asking me to frame some suggestions 
for the treatment of urethral injuries. My own ex- 
perience of battle injuries of the urethra was not 
very great and in the literature most writing on the 
subject falls largely into the category of “ armchair 
surgery ” and does not bear the stamp of experience. 
It was therefore with some trepidation that I ap- 
proached the problem, 


The repair of the damaged urethra falls naturally 
into three stages :— 


1. The deviation of the urine from the traumatised 
area, 


2. The reconstruction of .the urethra, 


3. The maintenance of the urethral channel dur- 
ing healing and in later life. 


The deviation of the urine can be easily accom- 
plished by the performance of a suprapubic cysto- 
stomy, but the repair of the damaged urethra is 
often more difficult and errors made irretrievable. 
Prior to undertaking a repair it is therefore impe- 
rative to consider :— 

1. Whether the operative surroundings facilitate 
good operative repair, 

2. Whether the patient’s general condition war- 
rants a prolonged operation. 

3. Whether the aftercare will be satisfactory, 


If these conditions are not fulfilled it seemed to 
me advisable for forward surgeons to avoid carrying 
out complicated urethral repairs and to be content 
with performing a toilet of the wounds’ and a supra- 
pubic cystostomy to divert the urine from the 
injured area. If a large perineal hematoma is present 
or if extravasation is suspected then a perineal inci- 
sion may be made. Following this treatment the 
patient should be evacuated as rapidly as possible 
to the Base for further operative treatment. 


This course was accordingly advised. Hard and 
fast rules seemed undesirable and in those difficult 
cases where an abdominal iniury rendered retention 
of the patient in a forward area imperative, then the 
surgeon had to use his judgment as to whether more 
damage to the urethra would result from a difficult 
primary operation in an ill patient than from delay 
and repair at a later date. 


This morning I propose to review the results of 
our treatment. 


The Patients and Their Injuries 


Forty-four patients suffering from rupture of the 
urethra due to penetrating missiles have been admit- 
ted to this centre. All other varieties of traumatic 
rupture of the urethra have been excluded from this 
series. In almost all instances primary surgical ope- 
rations had been carried out at field surgical units 
or casualty clearing stations and the patients arrived 
at varying periods from twenty-four hours after 
wounding, Many surgeons made great efforts to 
evacuate patients to the centre rapidly. and as the 
front advanced northwards air transport proved a 
great boon. 


The distribution of the lesions is shown in the 
following table :— 


Missile Ruptures of the Urethra 
46 lesions in 44 Patients 


Penile urethra - - ES: : 
Bulbous urethra - = 19.) 46 Cases 
Posterior urethra - - Tele 


In two patients double ruptures of the urethra 
occurred. In the one the penile and posterior urethra 
showed separate and distinct lesions; in the other 
the bulbous and posterior urethra were separately 
damaged. The bladder was also iniured on three 
occasions. In one patient a missule amputated the 
greater part of the penile urethra, perforated the 
posterior urethra and carried away a portion of the 
lateral wall of the bladder, 


The Projectile and its’ Course 


The urethra has been wounded by almost every 
type of missile: 


Shell Wounds (H.E.) - - 19. 
G.S.W. — Machine Gun. - 6. 

ge — Automatic Rifle - 5: 

- — Rifle or Revolver 2. )}44 Patients 
Mortar Bomb or Grenade - 5: 
Mine or Booby Trap - - 2. 

i= 


Unknown - - - - 


- 
~ 


Just under half of the patients were injured by 
through and through wounds, The remainder were 
penetrating injuries. The course of the projectile 
was most commonly either antero-posteriorly or 
postero-anteriorly. The urethra is relatively well 
protected from the sides and of the lateral injuries ° 
al] but one were caused by bullets. It seems probable 
that small shell or mortar fragments fail to have the 
momentum necessary to carry them through the 
bony and muscular lateral walls of the pelvis and 
that the larger fragments cause such severe injuries 
that death supervenes, A bullet, however, traverses 
the side wall of the pelvis fairly easily and may pass 
completely through the body or come to rest in the 
pelvis. 

The complications caused by missiles injuring the 
urethra are shown in the accompanying table :— 


Perforation of the Peritoneal Cavity - 4, 
4 of Bladder - - - 3. 
of Rectum - - - 9. 


” 
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Colostomy for rectal, anal, or perineal 


injury - - ‘ - 18. 
Orchidectomy - - - - - 19. 
Partial atrophy testes - - - - 2. 
Fracture of Pelvis - - - Seo 
Fracture of Femur - - a - 4, 
Fracture of Sacrum - Ss - ~ an 


Many of the patients also suffered from other 
severe wounds such as amputations and compound 
fractures, : 


Review of Treatment 


The patients on the whole travelled very well. In 

many instances the primary treatment had been 
confined to the debridement of wounds and the 
establishment of suprapubic drainage. Almost all 
of these patients reached this centre in good time 
and no cause for regret in advocating this policy 
was encountered. Forward surgeons also showed 
admirable judgment in their treatment of those 
patients, whom they were unable to evacuate at an 
early date. A few patients, who were held up in 
transit, had repairs performed at other hospitals 
and were subsequently sent on. 
— Following the admission of the patient an ap- 
praisal of the nature of his wounds and previous 
treatment was made from his notes and when neces- 
sary further X-ray examinations were made _ to 
determine the presence of foreign bodies or fractures 
of the pelvis, A complete survey of the patient was 
subsequently made in the theatre. At this examina- 
tion it frequently became apparent that the injuries 
to the urethra were less severe than had appeared 
at the primary operation and that ruptures, which 
had been believed to be complete, were in fact 
partial. It was often impossible to pass an ordinary 
straight rubber catheter through the urethra but if 
a coudé rubber catheter was used and if it was 
gently manipulated so that its passage was attempted 
with its point towards various aspects of the ure- 
thral wall, then frequently a site was found where 
it ran onwards into the bladder and demonstrated 
that the continuity of the urethra was not completely 
broken. When the lesions were of a relatively minor 
type any necessary repairs or sutures were carried 
out immediately, If the wounds, however, were 
severe, and extensive exploration or plastic repairs 
were necessary, then further operation was fre- 
quently deferred until a course of parenteral peni- 
cillin had been commenced and the patient generally 
prepared for a long and difficult operation. 


Extravasation 

Only one case of extravasation of urine has been 
seen and this one was not of a very serious nature. 
Two factors account for this satisfactory position :— 

1. Retention of urine normally follows an injury 
to the urethra, The patient is unable to micturate. 
It is only when the bladder, if unrelieved, finally 
overflows that extravasation occurs, 

2. Forward surgeons have almost always carried 
out a suprapubic cystostomy Jong before this critical 
point is reached. 


In the literature most accounts of extravasation of 
urine are based on records of flooding of the tissues 
with heavily infected urine following the rupture 
of a periurethral abscess behind a stricture. Sterile 
urine, such as is normally poured forth in a war 
wound, is not particularly irritating to the tissues. 
It is mainly when the wound becomes infected and 


especially if the urine can not drain away that ex- 
travasation becomes dangerous... So far the gross ex- 
travasation, associated with sloughing and gangrene 
of the tissues and frequently gas-forming organisms, 
reported in the first world war of 1914-18, have not 
been seen. 


Ruplures of the Penile Urethra—13 Cases, 


The following table shows the types of lesions 
encountered :— 


glans penis” - - - 2, 

Partial Ruptures - 7% glans and body of penis 1. 
body of penis - aa 

» Traumatic amputations - 2 

; = 2 res c c « c » ~, 
Complete Ruptures 6 thers 7: : = Sua 


The projectile most frequently traversed the penis 
in a transverse or slightly oblique direction but in 
two instances it entered the region of the glands, 
passed down the Jength of the penis injuring the 
urethra in its course and then travelled on into the 
perineum or pelvis. In only one instance did a 
foreign body lodge in the penis. 


The partial ruptures were mainly caused by small 
penetrating missiles. Two of the three’*cases of 
injury to the glans and adjacent body of the penis 
required plastic repairs. One of the four patients 
suffering trom a partial rupture of the body of the 
penis was treated with an in-dwelling catheter but 
this treatment was later abandoned and when con- 


_tinuity of the urethra had once been demonstrated 


no catheter was left in position and no further 
treatment given except the occasional passage of a 
sound to ensure that a stricture did not form. 

Four of the six cases of completed rupture were 
complicated by considerable damage to the penis. 
In the two instances of: traumatic amputation, the 
penis had been cut completely across about one 
inch from the pubis and the skin torn away from 
the remaining stump up to the level of the pubis. 
Both cases were complicated by severe wounds in 
the left groin and in one the posterior urethra and 
bladder were also injured. It was evident that if the 
remaining stump was not covered with skin gross 
retraction would occur and render the organ prac- 
tically useless. In both patients other injuries 
rendered immediate grafting impossible and it was 
several weeks before the patients were fit for treat- 
ment. By this time considerable retraction had 
occurred. The stump of the penis was mobilised in 
sach instance and covered by a skin flap cut from 
the scrotum, One case was completely successful and 
before returning to the United Kingdom he was able 
to micturate normally through the fly of his trousers. 
In the other patient, the flap was cut a little too 
narrow at its base and some terminal necrosis 
occurred, Owing to a change of hospitals, I had to 
leave this patient behind me but I am informed that 
he healed up more satisfactorily than had been 
anticipated, He has since been evacuated home, 
where a small skin graft has been applied to the 
remaining raw area. It must be stressed that if the 
length of the remaining stump of the penis, in cases 
similiar to these; is to be maintained early plastic 
repair is essential, 

Two of the completed ruptures of the urethra 
were complicated by gross penile damage. In one 
patient it was possible to pass a finger completely 
through the penis. This soldier was seen on the 
fourth day after injury and the wound was clean. 
The ends of the urethra were found, mobilised and 
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a complete suture performed around a_ catheter 
arranged for penicillin irrigation (see Penicillin) 
The corpora cavernosa penis were repaired as far 
as possible and the subcutaneous tissue and skin 
sutured. Complete healing, except for a minute sinus 
leaking about five drops of urine per act of micturi- 
tion, was obtained. The other case of complete 
rupture was also treated by suture of the urethra 
and delayed primary suture with success, 

The two remaining cases of complete rupture 
were fairly old iniuries in two Yugo-Slav Partisans. 
They required complete excision of the strictures 
and suture of the urethra. 


Ruptures of the Bulbous Urethra 


Further cases of rupture of the bulbous urethra 
have been observed and are classified as follows :— 


Contusion bulbous urethra - 3 
Partial rupture - - - 13 19 Cases 
Complete rupture - - ee: 


Contusion of the urethra was diagnosed when 
following a wound in the region of the urethra re- 
tention and bleeding occurred but no difficulty was 
experienced in passing a catheter, In two of the 
three cases there were extensive groin and perineal 
wounds. In one of them the right corpus cavernosum 
penis had been partially destroyed and the urethra 
could be seen lying intact but bruised in the bottom 
of the wound. The wound was closed with penicillin 
irrigation in an attempt to stop the onset of infec- 
tion and possible necrosis of the urethra, The treat- 
ment proved successful. At a later date an extensive 
plastic repair of the penis was performed. 


Thirteen partial: ruptures of the urethra were 
treated and were mainly caused by projectiles pass- 
ing antero-posteriorly across the perineum but e 
few were due to mine and shell wounds, which 
entered the perineum from below. Eight cases 
required no operative treatment but in five repairs 
of the urethra were performed. 


Three cases of complete rupture of the bulbous 
urethra have been treated. It has so far always been 
possible to mobilise the ends of the urethra suffi- 
ciently to bring them together and to obtain com- 
plete suture. One of these patients was of particular 
interest as half the scrotum had been carried away 
and the bulbous urethra and corpora cavernosa 
penis were completely divided. The distal portion 
of the penis remained attached by a dorso-lateral 
skin flap containing the dorsal arteries and veins 
of the venis. The distal portion appeared viable and 
after defining the structures in the divided ends 
complete sutures of the corpora cayernosa penis and 
the bulbous urethra were performed, Union occurred 
but a small fistulous track leading down to the suture 
line remained and will require closure. 


The use’ of penicillin, both intramuscularly and 
by local urethral irrigation, has allowed closure of 
perineal wounds, which would otherwise have been 
left to granulate. Healing has thus been accelerated 
and there can be little doubt that the resulting 
decrease in scar tissue means less tendency to 
stricture formation, 


Rupture of the Prostato-Membranous Urethra 


_ Fourteen ruptures of the posterior urethra have 
been treated. The iniuries may involve any portion 
of the urethra but for classification they may be 
grouped into (a) injuries involving the bladder neck 
and the proximal portion of the prostatic urethra, 


methods have 
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(b) injuries to the body of the prostate, (c) injuries 
to the region of the membranous urethra. A catheter 
can seldom be passed in these patients and it is 
therefore impossible to divide them satisfactorily 
into partial and complete ruptures, There is, how- 
ever, littke doubt that in many the continuity of the 
urethra is not completely broken. The wounds of 
the membranous urethra are the most dangerous 
from the point of view of stricture formation but 
complete ruptures at the junction of the prostatic 
and membranous urethra with posterior dislocation 
of the prostate on the urogenital diaphragm, such 
as occur in severe traumatic fractures of the pelvis, 
are. rare. 


The rectum has been iniured on five occasions but- 
only one prostato-rectal fistula has persisted and 
required separation and closure, 


The danger of stricture formation in the region 
of the membraneous urethra and the impossibility 
of treating this condition satisfactorily: at a later 
date, has led me invariably to use an in-dwelling 
urethral catheter as a splint. It is probable that this 
is unnecessary in many wounds involving the blad- 
der neck or body of the prostate, and that the rigi- 
dity of the remaining prostatic wall is sufficient to 
prevent the ends of the urethra getting out of.align- 
ment, Nevertheless the difficulty of estimating the 
exact extent of the wound and the seriousness of 
an unsuccessful outcome seem to make an in-dwell- 
ing catheter imperative. 


Two methods have been used to introduce the 
rubber catheter. In the first method a finger is 
passed down into the posterior urethra and it is 
then frequently possible to guide the tip of a Lister’s 
sound, which has been passed down the anterior 
urethra, into the bladder (5 cases). The distal end 
of a small rubber catheter is then slipped over the 
tip of the sound so that it grips it firmly and the 
catheter is drawn through the urethra by with- 
drawing the sound. In the more difficult cases, where 
the rupture is in the region of the membraneous 
urethra, two Lister’s sounds are used, the tip of one 
of which has been slightly hollowed out so as to 
form a cup in which the tip of the other may engage. 


The female sound is passed through the internal 
urethral orifice and the plain one down the ante- 
rior urethra, The two sounds are gently manipulated 
until the points engage, These are then kept firmly 
together whilst the distal sound is slipped onward 
into the bladder. A rubber catheter is then attached 
to its tip and drawn back down the urethra, These 
so far, always been successful and 
no perineal explorations have been necessary, 


The in-dwelling catheter is held in position by 
a stitch through its tip, which is brought out along- 
side the suprapubic Malecot catheter and tied to a 
piece of rubber tubing on the abdominal wall. This 
technique also ensures that subsequent catheters 
can if necessary, be drawn through the urethra. 
The catheter is not really for use as a drain but as 
a urethral splint, Prior to introduction a piece of 
thread is tied around the catheter immediately distal 
to the eye. This prevents drainage down the 
catheter and allows of one less tube to be attached 
to a bottle during evacuation. If the catheter is not 
draining, it is also easier to keep the catheter and 
urethra sterile as the whole of the perineum and 
penis can be covered up in sterile dressings, This 
catheter is also frequently used for dukes irriga- 
tion (see Penicillin). 


84 PROCEEDINGS OF THE CONGRESS OF CMF ARMY SURGEONS 


The urethral splint is left in position for at least 
two weeks so as to ensure firm fixation of the ends 
of the urethra. ; 


Explosive Wounds of the Perineum 


Four ruptures of the urethra were complicated by 
so-called “explosive wounds” of the perineum. 
In these cases a missile has passed either from the 
anterior abdominal wall or the buttocks down into 
the perineum and in emerging has burst this region 
wide open. The skin is torn away from the margin 
of the anus, which lies drawn up in the centre of 
the wound and surrounded by gaping perineal and 
buttock tissues. A wound six to eight inches in 
_diameter may be present and appears out of all 
proportion to the size of the emerging missile. 


These wounds are formidable, yet when carefully 
examined the damage is often less severe than was 
anticipated. A colostomy must be performed to divert 
the feeces, A careful repair of the urethra and rectum 
should then be carried out and delayed primary 
suture performed. If this is not done, the rectum 
remains drawn up and the tissues are fixed in 
malposition by fibrous tissue leaving an extensive 
and rigid wound, which is difficult to deal with by 
secondary suture. 


General Observations on Treatment 


1. Delayed Primary Suture-——The principles of 
delayed primary suture hold for perineal wounds 
involving the urethra, It is most desirable to avoid 
large granulating wounds in the perineum as they 
render all the tissues rigid and in the event of a 
urethral repair being unsatisfactory make subse- 
quent operations extremely difficult. Using paren- 
teral and irrigation penicillin almost all verineal 
wounds have been closed. The impression has been 
formed that the urethra has healed with less fibrous 
tissue formation, that less scarring has occurred in 
the perineum and that osteo-myelitis of the pelvic 
bones has been avoided by covering over compound 
fractures of the ischium, 


Fine instruments are essential for repairing the 
urethra. Suturing has been carried out with six——O 
plain catgut, 


2. Localisation of Foreign Bodies in the Pelvis.— 
With Field X-ray sets, it is often difficult to obtain 
good lateral pictures of the pelvis for the localisa- 
tion of foreign bodies, Stereoscopic pictures have 
proved of great value and give a three dimensional 


picture of the position of a foreign body in the 


pelvis, which is difficult to reconstruct from antero- 
posterior and lateral views, 


Occasionally a urethrogram may be extremaly 
useful. A piece of shrapnel lying in the membranous 
urethra was localised exactly by this method and 
removed by a perineal approach. 


3. The Use of the Indwelling Catheter.—At first 
an indwelling catheter was used fairly frequently 
to splint wounds of the penile and bulbous urethra. 
The presence of a foreign body in the urethra must 
however, retard healing to some extent and for 
wounds in these areas I have found myself relying 
more and more upon careful repair than upon an 
in-dwelling catheter. ‘ 


For wounds of the posterior urethra the in- 
dwelling catheter forms an admirable splint. A 
small size is used (6-8E; 15 F) so as to permit free 
drainage down the urethra around it. 


4. Penicillin Penicillin has been extensively 
used in this series of cases. 

(a) Parenteral Penicillin—This has been given 
(15,000 units 3 hourly for 5 days or even longer) 
when wounds have been extensive. It has also been 
my practice to commence a course of parenteral 
penicillin twenty-four hours prior to carrying out 
any extensive perineal] sutures or plastic repairs on 
the urethra, 

(b) Irrigation Penicillin has been used with con- 
siderable success in closing dirty perineal wounds. 
The irrigation tube has been introduced through a 
stab incision and 3.5 ces. penicillin (250 units per 
cc.) gently instilled twice daily. 

(c) Urethral Application.— It was felt that irriga- 
tion of the urethra with penicillin solution might 
reduce infection and prevent fibrosis. Two methods 


have been employed :— 


(1) An indwelling catheter is fixed in position as 
previously described. Prior to introduction a piece 
of thread is tied around the catheter immediately 
distal to its eye, so as to prevent any flow of urine 
down the catheter, A second eye is then cut in the 
catheter distal to the ligature at whatever level it 
is desired to flush. Following fixation of the catheter 
in position irrigation penicillin (5-10 cc) is injected 
down the urethra twice daily and flushes the urethra, 

(2) When a catheter is not in use the urethra has 
been irrigated with 5-10 ccs. irrigation penicillin 
using a urethral syringe. The solution is held in the 
urethra for 10 minutes with a urethral clip, 


These two methods have been extensively used 
and have seemed of considerable value, 


5. After Treatment.—In no form of surgery is 
good after treatment more important than in urology. 
Suprapubic tubes have been washed out daily and 
the moment there is any sign of obstruction or 
overflow they have been changed. Very large peri- 
neal dressings have been employed to keep wounds 
in this area: uninfected. Too frequently one sees a 
smal] pad placed on the perineum and held in posi- 
tion with a flimsy T-bandage with the result that 
it comes adrift and the wound is exposed in the bed. 


6. Cessation of Suprapubic Drainage.— No definite 
times can be laid down for the healing of urethral 
wounds and each case must be iudged on its merits. 
The tendency is to remove suprapubic tubes too 
early. It has been my practice to continue supra- 
pubic drainage until all perineal and_ urethral 
wounds are completely healed and no urine should 
pass down the urethra until this time is reached. 
Too often one reads a happy note “urine passed 
down urethra” and the subsequent history shows 
that this was taken to indicate urethral healing and 
time for the removal of the suprapubic tube. More 
often it indicates that the suprapubic tube was 
blocked. 

When the time is ripe to try normal micturition 
a spigot is placed in the suprapubic tube and the 
patient encouraged to pass urine through his 
urethra. If any leakage from perineal or penile 
wounds occurs then suprapubic drainage must be 
continued, but if after a few days all wounds remain 
absolutely dry then the suprapubic catheter is re- 
moved and the wound allowed to heal. It is surpris- 
ing how little urine leaks through the _ healing 
suprapubic wound (the patient has already learnt 
to micturate) and indwelling catheters have not 
been used at this stage as it has appeared unwise 
to risk starting even the mildest urethritis, 
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Results 


The following table shows the results so far 
obtained. : 


Patients—44, 


- Death — - - - 1 
. Returned to duty (Cat. B. ‘i. - - 10 
. Evacuated to U.K. 

Micturation normal - - -" 19 
. Evacuated to U.K. 

Minute urelhral sinus present - 3 
. Evacuated to U.K. with suprapubic 

tube in position - 4 
. Remain under Sreaunent - - 7 


for) On ~ wn 


44 


Until the commencement of this year no patient 
was evacuated home until normal micturition had 
been regained. Hospital movements then made it 
essential to evacuate four patients home with supra- 
pubic tubes in position. It is expected, however, 
that these four patients (with possibly one excep- 
tion) will regain normal .micturition. 


The patients returned to duty have been given a 
* Urethral Dilatation Card” with the type of stric- 
ture, the size and type of sounds recommended and 
the date for the next treatment clearly indicated, It 
is hoped that surgeons will help these men _ by 
keeping their cards up to date. 

Of the late results (stricture, chordee, sterility) 
it is too early to judge but it is hoped to follow up 
all of these patients and to obtain a completed 
record of their subsequent disabilities. 


Conclusion 


I cannot conclude this paper without thanking 
Brigadier Edwards for his great help and interest 
in establishing the Genito-Urinary Centre and you, 
gentlemen, for sending your patients to me. I wish 
also to place on record my gratitude to a very 
loyal and patient band of General Duty Officers, 
Sisters and Orderlies who have striven quietly and 
unseen to help in the recovery of these patients. 


Discussion 


General Monro 

I am sure everything has been made quite clear 
without any remarks from me. I think we can say 
now, in the absence of any challenge from Col. 
Churchill, that previous writers on this subiect have 
approached it rather from the armchair. In Col. 
Poole-Wilson’s contribution, we have had a definite 
breakaway from history. Col. Poole-Wilson asks 
whether those who were in the last war remember 
what extravasation of urine looked like in these 
wounds. I have seen-them, but I do not remember 
if they differed much from the civilian ones, I 
should imagine that they were not as bad as they 
looked. I was reminded when Col, Poole-Wilson 
was describing his endeavour to cover up remains 
of the stump of the penis of a somewhat unique 
experience we had in Russia two years ago in July, 
when a Russian surgeon showed us his efforts at 
reconstruction of the penis, making use of what 
remained of the scrotum to form a core of the 
urethra by plastic measures. He proceeded to 
bring down a flap from the costal margin including 
some cartilage of the last rib. He brought that 
down and stitched it to the lower half of the re- 
constructed penis, and in five or six weeks 


managed to produce a banana-like obiect in the 
pubic region and managed to get a urethral opening. 
He claimed that this satisfied the man, improved 
morale, and in some cases even satisfied the wife! 
With reference to Col. Poole-Wilson’s equipment 
difficulties, I should like to say that any requests 
for instruments which you fellows may put up 
through the normal channels, and which are re- 
ferred to me, will generally be supplied, if they 
can be produced. 


Lt-Col. Moore 


I would like to congratulate Col, Poole-Wilson on. 
his good fortune to have the ovportunity of dealing 
with so many of these cases, and also on the lucid 
way in which he has nut before us the lessons 
he has learned from that experience, I have had 
a very much more limited experience. of war in- 
juries of the urethra and bladder than he, but there 
are one or two points which occurred to me which 
I think should be discussed at this meeting, Firstly, 
in my experience, iniuries of the bladder and ure‘hra 
are almost always complicated, It is very unusual to 
get a gunshot injury which is not complicated and 
not difficult to treat. In the primary treatment of both 
lesions the institution of adequate suprapubic 
drainage is essential. I think in the performance of 
that simple operation points of technique should be 
carefully observed. It is essential that the supra- 
pubic should be high and that the track should be 
oblique. In cases where the suprapubic is carried 
out just above the pubis, months later when the 
urethral injury is healed, the suprapubic does not 
heal no matter how long you use the indwelling 


catheter, because the suprapubic sinus becomes 
adherent. When it is in the lower nart of the 
bladder, and adherent to the back of the pubis, it 


is very difficult to excise the sinus and completely 
close the bladder. - I agree with Col. Poole-Wilson 
that the injuries of the urethra are usually partial, 
and in the primary treatment there is little to do 
but to drain the bladder. The perineum should not 
be drained unless there is a very large haematoma. 
In cases where the iniury to the urethra is below the 
pelvic diaphragm, there is, in my opinion, no need 
to carry out any primary ‘treatment of the urethra, 
because the two ends are fixed and do not retract, 
and can be very easily and satisfactorily closed later 
in ten days or even three weeks. I believe, how- 
ever, that in the cases where the injury to the 
urethra is as Col. Poole-Wilson said, above the 
pelvic diaphragm, if an ordinary catheter cannot 
be passed at the time, the suggestion is that the 
lesion is probably complete, because when you have 
a complete lesion in that position bladder and 
prostate fall back, and there is auite considerable 
separation between the two ends. In these cases 
ft is absolutely essential at the primary suprapubic 
to pass the urethral catheter by the method which 
you saw Col, Poole-Wilson demonstrate. Firstly 
splint the urethra and secondly hold the two ends 
in the right position, because if such a case is left 
to be done at a later operation it is extremely diffi- 
cult indeed to identify the two ends of the urethra 
because of a mass of hard fibrous tissue, and having 
identified the two ends, to get them to come to- 
gether. The suprapubic tube inserted at the primary 
operation is usually taken out too soon. I have 
seen two or three cases with wounds through the 
bladder, in which the suprapubic tube was removed 
within 14 days of the patient first passing some 
urine. Actually we must remember that apart from 
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. 


the anterior wound in the bladder there is also a 
wound in the posterior wall, and in one case I 
saw, when the patient was passing urine per ure- 
thram, some was also passing through the hip joint 
and escaping through a wound in the abdomen. 
In these cases it is important to prolong suprapubic 
drainage until] the posterior wound of the bladder 
has healed. It ‘is also best to have some method of 
suprapubic suction. Another point in their treat- 
ment which has been overlooked is arthritis of the 
hip-joint, which required fixation in plaster. Cases 
are seen in which the sinus from the bladder com- 
municates with the velvic fracture or hiv ioint. 
These are extremely difficult to treat, The patients 
are very ill and very toxic, and you are often at 
your wits end to know what to do with them. I 
have on two occasions explored the bladder. A 
method of fixation of such cases which I have also 
found to be of value when they are apt to get plaster 
sores, is just to include both legs in plaster and 
have a cross bar between them. This is generally 
satisfactory. Complete wounds of the urethra will 
need later suture, but I think I agree with Col. 
Poole-Wilson that the maiority of these cases are 
partial wounds, and do not need either a urethral 
catheter or subsequent operation. I was interested 
to hear Col. Poole-Wilson mention that he was using 
penicillin. I personally have never used penicillin 
in cases of injury to the genito-urinary tract. Per- 
haps I should have, but on technical grounds I think 
it would be rather an expensive diet for the bacillus 
coli but if it does good, then theory does not matter. 
One other point—in suturing the bladder and in 
doing a suprapubic for any reason, I believe it is 
important to use absorbent catgut. I remember very 
well an officer who had suffered an iniury to the 
urethra in which we had to do a secondary opera- 
tion. We had a good result. It all healed up, then 
he began to complain of pain at the tip of the penis 
after micturation. Cystoscopy showed. a_ most 
beautiful calculus formed around the unabsorbed 
suture. I have already taken up too much time and 
would like to thank Col. Poole-Wilson for his most 
interesting paper. 


Major Blackburn 

I was not expecting to inflict anything on you to- 
day. I think injuries to the bladder and urethra at 
our end of the picture are, relatively speaking, easy. 
It is the associated wounds which Col. Poole-Wilson 
described so well, particularly the large extensive 
wound of the perineum that cause us more anxiety 
than the urethral one itself. General Monro men- 
tioned just now that these iniuries in the last war 
were sometimes associated with gas gangrene. Gas 
gangrene will be discussed to-morrow. I think it 
is a real danger in these extensive wounds of the 
buttock. I had a recent case in which the blood loss 


and damage to the buttock muscle seemed to be a. 


difficulty I could not get over, but the iniury to the 
urethra was one I could shelve, or send on to base. 
Occasionally in cases with urethral and _ rectal 
damage one should consider removal of the coccyx. 
That does not fall strictly into iniuries of the urethra, 
but injuries of the urethra alone are extremely un- 
common. On one occasion I have removed the 
coccyx and left the perineal wound wide open. It 
was before the days of penicillin, and the resultant 
wound was extremely dirty. The last one I am glad 
to say was a great deal better, and I believe it was 
due to the administration of a course of parenteral 
penicillin. In that particular patient, having dealt 


with the buttock wound, it was obviously my duty 
to get the patient to Col. Poole-Wilson at the first 
possible opportunity, and he illustrates one point I 
think every forward surgeon may have found, and 
that is the extreme difficulty of ascertaining the 
nature of the damage to the urethra in this and in 
similar. cases. It does not really matter, I submit, 
whether these lesions are partial or complete. It is 
quite obvious that the patient does not require de- 
tailed examination and investigation at the primary 
operation because repair does not come into the 
question at that level, and any exploration is hazard- 
ous. I made it a practice in the few cases I have 
seen to do a cystotomy, and to pay little attention to 
the detailed nature of the urethral wound because 
of the lengthy aneesthesia required. As Col. Moore 
has observed, the importance of doing adequate 
cystotomy is quite enough to be going on with. One 


last point, the question of associated bone injuries | 


which, of course, give some difficulty. I always 
wonder how to send down cases of fracture of the 


pelvis with or without a cystotomy. We all wonder 


how to send down cases of fracture of the spine with 
a cystotomy. 
for me, I and many other people would be grateful. 


Lt-Col. d’Abreu 


I should like to ask Col, Poole-Wilson one point 
about intra-pelvic rupture of the urethra which we 
see in “jeep” accidents. In the course of the war 
I have dealt with 18 such cases, a small series, 
perhaps about three a year. I want to know if Col. 
Wilson thinks that correction of the urethra should 
be done early. I have always thought myself it was 
an urgent matter, and I am surprised in talking to 
many surgeons that they are not perhaps acquainted 
with the very classical features of this iniury. One 
thing I have noticed is that extravasation is ex- 
ceptional. When the suprapubic is being made, the 
first feature I think which disturbs the inexperienced 
surgeon is the large amount of blood in the tissues, 
and I would advise these not to be disheartened. 
The surgeon’s duty is to open the bladder rapidly 
and carry out the measure Col, Wilson has des- 
cribed. The whole operation is easy, and can be 
done quickly. I think if these cases are left and 
not corrected, the result may be an extremely diffi- 
cult one to treat. They may be left with a supra- 
pubic sinus for all time. Correction, as Col, Wilson 
points out, is easy. The method I use is not as good 
as he has adopted. I use two silver catheters with 
holes in them. The details you al] know. One 
question I would like to ask is whether we should 
not encourage forward surgeons meeting with this 
injury to carry out correction of this poster’or dis- 
placement at the earliest possible moment. 


Lt-Col, Poole-Wilson (Replying) 


I must apologise if my remarks seem to cast asper- 
sions on supplies from the War Office. We have 
some grumbles, but, on the other hand, we have on 
many occasions to return great thanks. I must 
thank the War Office through the efforts of Brigadier 
Edwards for getting me two huts in which to work. 
We have got many things, but, on the other hand, 
there are some little things we do feel strongly we 
want. Col. Moore has brought up several points. 
We both come from the same city, and I agree with 
all he says, so all is well. So far as suprapubic 
drainage goes, I have been very pleased with the 
level at which most of them have been done; they 


If someone can answer that question | 
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have on the whole been done high. Nobody has 
gone above the umbilicus, though some have got 
very near it! I might also add that I have been at 
times a little surprised at some of my own supra- 
pubics. I thought I had brought them out pretty 
high, but one finds that in time they appear to have 
gone very low. I think I can answer the questions 
of Col. Moore and Col. d’Abreu together. Actually I 
was speaking this morning of missile wounds, of the 
urethra, and in these wounds I have not yet en- 
countered dislocation of the prostate on the mem- 
branous urethra. That may have iust been. luck, 
but I have not yet met true dislocation in gunshot 
wounds, If we include traumatic. injuries with 
fracture of the pelvis such as occur in motor acci- 
dents, I have had quite a few of these, and several 


in which the membranous urethra has_ been 
definitely torn but not grossly displaced. I agree 


with Col. d’Abreu entirely; if one is faced with a 
situation where one has the opportunity for doing 
these things well and has the right instruments, I 
think there is no time like the first operation for 
dealing with a dislocation of the prostate on the 
pelvic diaphragm. On the other hand, I do not 
think any damage, or at least very little, will result 
from doing the suprapubic and getting them back, 
if the -second operation is done within one week. 


If you leave them longer than that, these certainly 
become hopeless. On the whole, I think forward 
surgeons have realised that, and no disasters as 
yet have come down. I would put it down that if 
facilities are good I would have no hesitation in 
doing what Col. d’Abreu says, and put in a catheter 
and. get the urethral splint in position at the first 
opportunity. The question of penicillin arose, and 
it is not that I think that I am killing the B. Coli 
with penicillin, but that many of these wounds are 
just ordinary infected war wounds and ful] of other 
organisms. I do think that it has been of great 
assistance and healing has occurred where other- 
wise it- would not have done, and I have sewn up 
perineal wounds which in the pvre-venicillin era I 
would not have dared to touch. On the question 
of catgut and fine instruments, I can only agree 
with Col. Moore in using for urethral wounds only 
the finest catgut, and, in addition, if you want to do 
good work, fine instruments are essential. Major 
Blackburn has raised the question of immobilising 
the fractured pelvis. It is a difficult problem, and I 
think that if they are fit to travel they should have 
nothing but a tight binder around the pelvis. As 
for a plaster of paris cast, I certainly have no use 
for it. I think I have answered all the questions, . 
and I must apologise for trying your patience. 


oo 
BURNS | 


Major R.V. BATTLE, RAMC 


Our two great interests in the treatment of burns 
aces —— 
(1) The preservation of life. 


(2) The maintenance and restoration of func- 
tion of those parts of the individual that 
are affected. 


In order to preserve life, we have to appreciate 
that the causes of death are many and various:— 


A. The severity of the burn. It is only too often 
forgotten, as in the treatment of wounds, that 
some burns are lethal. 


B. There are the entities which we understand 
as secondary shock, the toxemia of burns, 
and the cachexia of burns. 


C. Then we have the superimposed strain of 
travel and anzesthesia to consider, 

D. Finally, associated injuries may bring a fatal 
termination — for example, blast effects of 
the lungs, as seen quite often in the battle 
burns of tank crews. 


A. The severity of a burn must be considered in 
terms of depth and of surface area. 


(i) Depth. — The degrees of burning have recently 
been greatly simplified from the six degrees of 
Dupuytren to the modern classification of partial 
and total epithelial loss. However, the old. classifica- 
tion is more commonly understood, and I will refer 
today to burns of the second and third degree. The 
former without skin loss and thus carrying a good 


prognosis, and the latter with skin loss and carrying 
a more doubtful prognosis, As a plastic surgeon it 
is naturally more with the latter that I am concerned, 

(ii) Extent. — Patients have survived with burns 
involving 70% of the body area. A burn involving 
more than 10% is a serious burn, one of 20% - 30% 
may often prove lethal. Note that the hand in total 
area represents as much as 5% of the body surface. 
One aspect of the hand, however, represents 1% of 
this total area, and this figure acts as a useful guide 
in assessing the severity of a burn in terms of its 
involvement of surface area. 


B. Secondary Shock. 


The syndrome of secondary shock is due to a 
decrease in the volume of the circulating blood, and 
is characterised by a hwzmo-concentration with 
which you are all familiar. This concentration is 
caused by loss of plasma to the tissues more rapidly 
than it can be dealt with, and clinical cedema is 
always present with it, There is perhaps some doubt 
on whether all the circulatory loss occurs locally, 
or whether there is an increased permeability of the 
capiliaries as a whole throughout the body. 


The accepted treatment of this condition consists 
in the giving of plasma parenterally with a control, 
if possible, from estimations of the haemoglobin — 
anything from 2 to 8 litres of plasma being required. 
Large doses of opium or morphine, together with 
oxygen in the presence of cyanosis, and possibly 
the tight pressure bandaging of the effected part 
must all be considered in the treatment, 
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There are as well, changes in the blood chemistry 
in the secondary shock of burns, which I feel cer- 
tain, will be dealt with by Capt. Sturgis later this 
morning in his paper on metabolism. 


The. Toxemia of Burns is an acute condition, but 
being often masked by secondary shock, it may not 
at first be spotted, It occurs most commonly between 
the 3rd and 6th days after injury, bringing with it 
a sharp rise in temperature and a steady rise in 
pulse rate. To quote from Matthews “ The signs of 
azoteemia appear, mental clarity gives way to con- 
fusion, and vomiting begins. The urine becomes 
scanty and of high specific gravity, containing 
albumen and red blood cells. The blood urea rises to 
around 100.m. gms %, At this stage, jaundice may 
appear, when coma and death are to be expected 
within. a short time.” 


The aetiology of this condition is most obscure, 
and several theories have been brought forward to 
account for it. 


(1) Tannic acid, which in the past received so 
much credit for its action both in secondary shock 
and in this very toxemia, has been suspected of 
contributing towards it, It has been suggested that 
tannates absorbed from the coagulum are_ the 
causative agents of the toxsemia. 

(2) A bacterial toxin may be responsible, and the 
condition may be attributable to organisms on the 
burned surfaces. 

(3) Some specific non-bacterial toxin may be 
produced at the site of the burn and circulated in 
the blood stream. Wilson observed the 
occurrence of severe necrosis of the central zone of 
the hepatic lobules in 65 cases of toxemia. . 


I believe that the greater proportion of deaths in 
burns seen in the forward areas are associated with 
toxéemia. 

The patient who is or has recently been under 
the influence of this condition is the one who travels 
badly. Similarly, the patient who, having recovered 
from this condition and who has sustained liver and 
renal damage, is the one who dies after administra- 
tion of pentothal in full doses or prolonged 
aneesthesia of any kind, 

Unfortunately the aetiology of the condition is so 
obscure that it is impossible to give a line of active 
treatment. The treatment is still prophylactic, In the 
forward areas severe burns of more than four days 
standing are not evacuated for at least a further 
week. At the base we never employ pentothal on a 
burn’s case except in minimal doses, and then only 
if we cannot get nitrous oxide, or if the face is too 
severely burned to bear a mask. 

The Toxic Cachexta of Burns. This is a condi- 
tion that develops from about the tenth day after 
burning, and which would avvear to be associated 
with the separation or non-separation of sloughs. 
The clinical features are chiefly a fairly rapid dete- 
rioration in general condition, and can be detected 
by a sudden lowering of morale, increasing fatigue, 
and intolerance of the normal treatment routine — 
whether the last named be a dressing or merely 
an irrigation, The pulse rate and temperature creep 
up and remain up. A secondary anemia is always 
present, and is characteristic. The hemoglobin level 
may drop quite rapidly to the 50% mark, and the 
administration of whole blood is the first step in 
the treatment. If a rapid improvement does not take 
place, it is, to my mind, a direct indication for the 
removal of sloughs by surgical means, 


constant: 


Now for the maintenance and restoration of 
function. 
Burns of the Hand. — There is little skin in the 


hand to spare. The loss of a small area of skin may 
lead to a scar contracture and consequently to 
impairment of function. It should also be remember- 
ed that skin loss is more difficult to replace effi- 
ciently in the hand than it is in any other region 
of the body — particularly in the palm and on the 
palmar aspects of the fingers. 


Certain structures in the hand, being placed 
superficially, are very poorly protected by nature 
from the effects of heat, and their damage may lead 
to crippling results. For example: (a) over the 
knuckles, the extensor tendons very readily become 
exposed with subsequent sloughing and separation: 
(b) the extensor expansions over the dorsum of the 
inter-phalangeal joints are in a similar superficial 
and vulnerable position, Penetration of these joints 
is unfortunately only too common. _ Infection, 
arthritis, and possibly complete disorganisation, may 
follow upon a burn of little more than iust third 
degree. 


Circumferential burns of the fingers also carry a 
bad prognosis. The contraction of the granulating 
area in such a burn, or contraction of the coagulum 
obtained during treatment with one of the dyes or 
tanning agents, may lead to the loss of a finger from 
ischeemia, 

There is the danger, shared also by the foot, that 
with loss of skin along the contiguous margins of the 
digits, adherence of adjacent granulations may lead 
to webbing. 


Nowhere is the stiffness of a joint secondary to 
prolonged splinting seen more clearly than in the 
hand. A normal hand, if splinted wrongly for any 
period, tends to become stiff in this wrong position. 
For instance, stiff straight fingers will result if these 
are splinted in extension. A stiff wrist with consider- 
able loss of power in the hand will result if that 
wrist is splinted in flexion. 


With a damaged hand, under the same conditions, 
appalling results may follow prolonged or wrongful 
splinting. The “frozen” hand, as it has come to 
be called, is often more the result of bad treatment 
than it is of a severe burn. 


Principles of treatment 


Prevention of Infection. — There is no doubt that 
a superficial burn can be very readily converted by 
infection into a deep one. Skin loss may result from 
infection reaching such a burn, anywhere during 
the early treatment. Similarly in a burn which is 
partly of second and partly of third degree — the 
oo may vastly increase the final area of skin 
OSS. 


The prevention of infection becomes the first and 
most important principle in the treatment of burns 
anywhere, First aid treatment of the affected part 
should be directed to that end. (As an excellent 
example of this, the R.A.F, First Aid Kit was passed 
round.) A rigid surgical techniaue must be observed 
throughout treatment, and not only at the first dress- 
ing and debridement. Dressing and baths must be 
done by trained personnel with all possible precau- 
tions against cross infection, 

The Maintenance of Function. — Can function 
best be maintained, and deformity prevented, by a 
policy of “ rest’”’, or by one of “ movement ’”’? Firstly, 
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let it be clearly understood that by “ rest” only one 
position of rest can be contemplated for the hand. 
This position is one of slight dorsiflexion at the 
wrist, 60% flexion at the metacarpophalangens joints 
45° at the interphalangeal joints, and with the thumb 
in opposition. This position is known as “ the posi- 
tion of function ”’, This is the position in which a 
hand should always be splinted (if at all) and from 


which a hand can regain its maximum function in- 


the shortest possible time, irrespective of the severity 
of the lesion present. 


It has been claimed that good results follow from 
the immobilisation of burns of the hand in such 
a position in plaster of paris. Elevation of the limb 
io minimise oedema is of course necessary, but 
apparently no permanent stiffness of joints follows 
the immobilisation of the wrists and fingers for 
periods of three or even four weeks. 


I have no experience of this treatment and should 
particularly like this point to be discussed. I have 
Seen many hands immobilised in the wrong position 
for thort periods of time and then the results 
have been poor. Such things as coagulation therapy, 
wrongful or tight cramping dressings are still seen 
in the C.M.F., and increase the ultimate hospitali- 
sation with even quite superficial burns. 


McIndoe in 1940 emphasised a need for maintain- 
ing active movement in the burnt hand. In most 
British units that specialize in the treatment of 
. burns, attention is concentrated on getting the 
patient to move his hand from the earliest possible 
moment, so long as organic destruction or oedema 
do not interfere with the active adoption by the 
patient of the position of optimum function, 


Indications for splinting are as follows:— 


(a) Oedema of the dorsum of the hand limiting 
dorsiflexion of the wrist. In the early stages of 
treatment a small cock-up splint, either of light 
metal or of plaster, should be applied. If oedema 
does not rapidly subside, then suspension of the 

and above the shoulder level will materially assist. 
As soon as the power of active dorsiflexion returns, 
then splinting can be discontinued. 

(b) The inability to maintain the position of 
optimum function that results from organic damage 
to joints and tendons. If movement is persisted in 
face of these conditions disorganisation may well 
result, and severe damage to joints may prejudice 
the ultimate function of the hand. The mere 
exposure of an extensor tendon over the metacarpo- 
phalangeal joint is not an indication to splint unless 
at the same time the power of extension at that 
joint is impaired. 

(c) The really severely burnt and disorganised 
hand should be completely immobjlised in plaster 
- of paris for a period up to three weeks. In this 
time early cover of granulations has been obtained 
for exposed structures, and these should readily 
take a graft. 


Restoration of Function 

Repair of Tissue Damage, — Skin loss should be 
replaced as early as possible during treatment. As 
soon as all sloughs have separated a clean granulat- 
ing area is presented, and as healing begins from 

the edges of this area, contraction starts and 
- movements become slowly and progressively impair- 
ed. In the hand it pays quite well to graft even 


small areas, particularly in the palms, Even with ° 


tendons exposed a free graft will accelerate healing. 
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In some severe burns, particularly those combined 
with crushing, there is a temptation to condemn a 
finger or part of a finger. As in other branches of 
surgery, extreme conservation must be practised in 
the hand. It is never possible to say in the early 
stages of a burn just how deeply the effect of that 
burn has penetrated, or to prophesy on the end 
result, and to give a prognosis. 

Electric burns of the hand sometimes present a 
localised area, well demarcated and clearly defined, 
that will allow of immediate excision and grafting 
either by means of a free graft or if tendons are 
exposed, with a direct flap. 


Correction of Deformity. — We need not dwell on 
the important principle of the correction of defor- 
mity, but only on the prevention of this deformity, 
as the more complicated cases return to the U.K. 


Physiotherapy. — For those who practise conti- 
nuous active movement of the burnt hand, the help 
of a physiotherapist is of the utmost importance. 
In the early stages of a burn, daily encouragement 
is, and must be, practised almost to the: point of 
bullying. After healing has occurred, either natu- 
rally or through the surgical provision of a skin 
covering, heat, movements, excercises etc., are re- 
auired to bring that hand back to the normal. In 
this connection wax baths are the most effective 
single weapon in_ restoring circulation and 
movement. Their omission from the armamentarium 
of the military physiotherapist can only be deplored. 


Problems of Army compared with those in 
R.A.F. and Royal Navy 


In assessing methods of treatment suitable for 
burns of the hand occurring amongst military per- 
sonnel, it is as well to consider our problem as 
contrasted with that of the other services. 


The Royal Air Force has had to contend with a 
constant run of burns that are severe not only in 
depth but in extent also. The Air Force burn of the 
hand is commonly deep and often circumferential 
at the wrist and fingers. Consequently it was found 
that coagulation therapy was not satisfactory. Im- 
mobilisation of the hand, except of course for the 


indications mentioned above was found to. be 
detrimental. This service therefore adopted and 


became the masters of the open treatment with 
brine baths. As the problem of, evacuation was not 
with them a serious one, they were able to set up 
a number of specially equipped and _= specially 
manned burns centres. 


The only danger of the open treatment has been 
cross-infection that almost invariably accompanies 
multiple dressings, Particularly tiresome has been 
the sulphanilamide resistant hemolytic streplococ- 
cus. This organism by its proteolytic action prevents 
successful free grafting. Now that penicillin is avail- 
able and so long as no penicillin resistant strains 
are evolved, the ‘ bath and dressing” technique for 
burns can hardly be improved upon, particularly if 
the Royal Air Force continues to operate mainly 
from English bases, 


The problem of the Royal Navy presents itself 
somewhat differently. Instead of a steady trickle of 
burns cases, these tend to come in batches. If a 
ship is struck, a large number of burn casualties 
may result and accumulate in the sick bay in a 
very short space of time, The facilities tend to be 
overwhelmed, and in consequence their method of 
dealing with early cases must be one capable of 
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rapid application. Furthermore, early evacuation to 
a base centre may not only be slow, it may prove 
to be quite impossible. Thus the early treatment 
must be more than a first aid measure — it must be 
definitive. The big specialised centre is not of the 
same value in this service as it is with the Royal 
Air Force. 


Realising these facts, Bunyan, a dental officer in 
the Royal Navy, designed, in co-operation with a 
manufacturer Stannard — the envelope that 
bears their names, Electrolytically prepared sodium 
hypochlorite was chosen by them as the irrigating 
fluid, not only because of its high available chlorine 
content, but largely because it could be readily 
prepared from sea water. 


The Army’s problem in the C.M.F. is somewhere 
between the other two services. Firstly, burns occur 
in a steady stream the whole time. Those reaching 
me have been for the greater part accidental, and 
the result of lighting fires for cooking or for 
brewing-up, with petrol or paraffin. Only a few of 
these,or of the battle casualty -burns, have 
approached jin severity those commonly seen dur- 
ing Dunkirk or the Battle of Britain, and _ still 
encountered by the Royal Air Force _ today. 
Evacuation is mostly good. A soldier with a severe 
burn, in the forward area of Eastern Italy, can reach 
a specially designated hospital within a few hours. 
If fit for further travel, he can go by air to a burns 
centre at the base with two hours of aeroplane and 
a further hour and a half of ambulance, 


However, the severely burnt patient does not 
travel well, and this fact coupled with the delay 
in obtaining special equipment, renders impractic- 
able the establishment in Italy of lavishly equipped 
burns centres. Moreover, the front line can be 
expected to move at any time — the base moving 
also, sooner or later. 


The open treatment of burns by saline baths and 
repeated dressings is a considerably more hazardous 
business in the C.M.F. than at home. The hospitals 
here are often in improvised buildings — schools, 
barracks, etc, Flyproofing is rarely perfect, Dust and 
flies abound in the hot season. Against this can be 
placed the comparative rarity of the hemolytic 
streptococcus, but I still feel that the stage is set 
for a really dangerous cross infection epidemic in 
burns wards with any system of repeated dressings. 


Types of Treatment Available 


It would seem that there are three lines of 
treatment open to us in the C.M.F. for the treatment 
of burns of the hand. I do not even mention coagu- 
lation therapy as it has always been so strongly 
condemned in this war and is forbidden by Medical 
Administrative Instructions. 


(a) Plaster technique or closed immobilisation. 

(b) Sulph. powder or penicillin with vaseline 
gauze - open mobilisation. 

(c) Bunyan Stannard envelopes or closed mobili- 
sation, 


(a) Plasler Technique.—Plaster has been used a 
great deal at Oxford and found to be satisfactory. 
After a careful debridement, the limb is wrapped in 
dry bandage and a plaster is applied with the hand 
and wrist in the position of function, The plaster 
employed must be of the absorbent type, and home 
made bandages employed rather than those of the 
proprietary brands that are available. As little padd- 


ing only is employed, the wrist must be elevated 
to control oedema, A loop for this purpose is incor- 
porated distally. If burns are particularly extensive 
or deep, the elbow is also included in the plaster 
with plenty of padding over the elbow prominences 
and round the upper arm, 


The technique is well worthy of discussion. In 
its favour it can be said that it allows a patient to 
travel comfortably, that no dressings are required, 
and that’the chances of cross infection are slight. 
Against it there are the dangers of oedema developing 
under the vlaster so that the patient cannot be 
evacuated for the first few days whilst the arm is 
suspended. 


Immobilisation is unlikely to be as effective in 
restoring function as is movement. To say that such 
a treatmert is suitable for the simple burn of 
civilian life is to run into a trap that is better 
avoided. Who is to say dogmatically at the first 


treatment of a burn exactly to what depth it 
penetrates? 

Penicillin and Vaseline Gauze Dressings.—The 
treatment of hand burns with sulphonamide or 


penicillin and sulphonamide powder, together with 
vaseline gauze and dry dressings is universally 
emvloyed in the forward areas. Opinions clearlv 
differ as to. the initial treatment, In some cases all 
blisters are left untouched, in others a careful de- 
bridement is effected—it appears to matter little so 
long as the cleansing with soav and water and/or 
saline is done in an operating theatre with full sur- 
gical precautions However, it:-should be borne in 
mind that C. P, G. Wakeley (1940) found fluid in 
blisters sterile at first, but almost invariably cul- 
tured haem streps after 24 hours. It is advisable to 
pierce blisters and so evacuate the fluid, although 
collapsed skin may still be left as an adequate 
dressing in second-degree burns. Some degree of 


infection is almost certain in third-degree burns, - 


and therefore in mixed burns blister skin should 
be well cut away to prevent vocketing. Intravenous 
morphia or alopon and scopolamine are almost cer- 
tainly better than the administration of a general 
anesthetic for the comfortable performance of this 
operation, but my impression is that general anzes- 
thesia is preferred when there is a rush on. 


I would like to mention the following faults in 
the accomplishment of this treatment seen when the 
patient reaches us at the base: 

(1) The importance of movements is rather 
ignored, Fingers, although separated by vaseline 
gauze, still are wrapped together, movement thereby 
being inhibited. In some cases the fingers have been 
wrongly splinted in plaster either with extension at 
the metacarpo phalangeal joints or with the thumb 
and fingers flat in the same plane, It is important 
to cut away the cock-up splint round the thenar 


eminence to allow dropping of the first metacarpal 


into opposition, 

(2) The initial splinting during the first three to 
four days, when oedema is at its maximum, has been 
neglected. 

(3) Too little attention has been paid to move- 
ment of the shoulders and elbows, which in con- 
sequence: become increasingly stiff, 

(4) In cases reaching No. 1 M.F.U. from other 
hospitals there has been far too much reliance on 
general anesthesia—probably because of the little 
time available to the surgeons concerned, 
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This has meant (a) that the patient has become 
aneesthetic conscious and is unduly worried as his 
dressing is done under omnopon and scopolamine 
only, or without the aid of any drug (b) that he has 
not had the opportunity to move his fingers without 
the restriction of dressings, and (c) that the dress- 


ings have usually been whipped off hurriedly with, 


considerable trauma to any healing process present 
up to that time, : 


The logical after-treatment at the base of a hand 
treated in this way with penicillin and vaseline 
gauze is a continuation of the same policy, but with 
every’ encouragement to movement. For full move- 
ment, freedom from dressings is essential, and re- 
peated redressings after controlled exercises are 
necessary. 


The danger of this treatment lies in that the more 
severely injured hand, and therefore the most 
susceptible to infection, is also most exposed by 
repeated dressings, 


Bunyan Stannard Envelopes——1 have found the 
Bunyan-Stannard envelopes to give me the most 
satisfaction in the treatment of hand burns out here 
in the C.M.F. I believe that there are many surgeons 
here who have tried and condemned them because 
they. have neglected some important point in the 
technique of using these envelopes, and so I am 
entering into some detail on their use and hope 
_ that I am not repeating information that is common 
knowledge to all present. 


_ The envelope I show here is one of the early 
pattern with a seal at its neck. It has the disadvan- 
1age that it is difficult to sterilise. The later type is 
of the “ tie on” variety and can be autoclaved, This 
is the “shortarm” type of bag for wounds of the 
hand and wrist, If the bag is applied at the time 
of the initial treatment the burnt area is cleaned 
under light anesthesia or with morphia or alopon 
and scopolamine. The cleansing can be with soap 
and water and saline or by wiping down under a 
stream of strong Dakin’s or Milton, A place is selec- 
ted for the seal of the bag, shaved, and cleaned with 
ether. 


Without soaking the seal the bag is washed with 
strong Dakin’s or Milton 20%, and the orifices are 
opened up from inside the bag with blunt pointed 
scissors. ‘he arm is then slipped into the bag — 
with the thumb opposite the lower inlet — thus 
obtaining full benetit from the extra width, 

The seal is closed down on the previously prepar- 
ed area of the forearm, any excess is folded over, 
and it is then reinforced with the special strapping 
provided. 


The bag is then irrigated with diluted Dakin’s 
solution at a temperature of 100°F..To perform this 
irrigation I employ a typical 5 gal, copper with 
tap from the G.1098 stores, a length of rubber tub- 
ing and a selection from a number of sterilised glass 
rods 8-10” long. The seal must be protected during 
the irrigation by tying round the arm just distal to 
it a length of bandage or, if still obtainable, a length 

-of elastic band. The irrigating fluid is directed as 

a stream on to the burnt area with the glass rod, 
and a large volume of fluid is run over the area — 
i.e., a number of pints, At no time is the fluid allow- 
ed to collect and distend the bag. If pain results 
from the irrigation the temparture of the solution 
is probably at fault, If not, then the strength of the 
solution should be reduced to a half. 


* 


After the irrigation the bag is dried by running 
through oxygen—again being careful not to distend, 
and deflating carefully after treatment, The entry 
and exit holes are then sealed off. The life of these 
bags is approximately 14 to 21 days, and in fact 
this gives plenty of time to get the areas ready for 
grafting, 

I have found that irrigations only need be done 
twice a day—morning.and evening. If there is much 
discharge, then the number must be increased to 3 or 
even 4 times a day, but this is not often necessary. 

After drying the bag sulphanilamide or penicillin 
powder can be blown over the areas as required 
before sealing down. 


It is necessary to combine this treatment with 
organised exercises, either during irrigation or in 
the ward between irrigations. Elbow and shoulder 
movements must not be forgotten. It is still all too 
easy to nullify much of its value if full advantage is 
not taken of the bag’s transparency actually to super- 
vise and continually to assess the fullest possible 
movement of all joints, 


Splinting 

External splinting can be applied when so desired. 
Accurate splinting of the thumb and fingers I have 
found to be impossible. It is impossible also to 
separate the fingers in a severe burn. 


I would summarise the advantages of this method 
of treatment as follows: 


(1) The treatment can be applied from the word 
“go,” and maintained up to the time of healing or 
of grafting. 

(2) No dressings are necessary. If the irrigations 
are conscienciously carried out and the seal does not 
leak, cross infection is practically impossible. The 
only access to the bag is via the sterile glass rod. 

(3) The increased comfort of the patient in the 
absence of. all restricting dressings. 

(4) The absence of flies, 

‘(5) Physiotherapy is possible throughout, witheut 
disturbing the dressings. The optimum time for 
grafting is easy to assess. 

(6) The ease with which sloughs separate to leave 
a clean granulating area. 

(7) The minimum of specialist knowledge 
required to perform clearly a whole series of irriga- 
tions. The firm’s batman could do the job easily 
with very little instruction. 

The disadvantages of the method are, firstly, that 
it is time consuming, and secondly, that the accurate 
separation and_= splinting of the fingers is not 
possible. 


After Treatment 


As soon as the hand has ‘healed or the sloughs 
have all separated, then the bag should be removed. 

In the first case protective dressings may become 
necessary for small unhealed areas that may be 
found. The healed areas require continued physio- 
therapy until full function and normal skin _ pro- 
tection are achieved. In the second case I only now 
remove the envelope in the operating theatre at the 
time of grafting. 


A sheet of intermediate thickness Thiersh graft 
is cut from the thigh, svread on to Tulle Gras 
and applied as large sections to the granulating 
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areas, For example, with loss of skin over dorsum 
of hand and all fingers, I employ a separate sheet 
for each finger, one across the knuckles, and another 
proximally, 

I do not curette or prepare the granulations in 
any way other than by wiping them down carefully 
with saline and powdering with penicillin powder. 
In connection with penicillin in Thiersh grafting, 
I have over a number of months tried three 
techniques: — 

(a) A series of dressings at 2 - 3 day intervals, 
and then graft over the powder. 

(b) A blitz technique—2 - 3 days running— 
dressing with powder, then grafting over 
the powder. 

(c) Cases in Bunyan Stannard envelopes—pow- 
dering once only, at the time of the graft. 


My percentages of graft takes were roughly the 
same with each method. Over the Tulle Gras I 
employ narrow ribbon gauze which I stick with 
mastisol to the. normal hand skin exposed, The hand 
is then put up with a large ball of flavine and 
paraffin wool in the palm, and with flavine and 
paraffin wool packed in between and across the 
fingers over the grafts. A firm pressure dressing 
over all this with the wrist cocked up in a small 
plaster slab, and the operation is completed, 


The dressing is taken down after four days and 
replaced with pressure to the end of the week when 
movements are started again and the hand redressed 
every day or two until it is healed, 


Discussion 

General Monro.—As regards the reference made 
to the Stannard envelope, I think I am correct in 
saying this has been authorised as part of the stan- 
dard first-aid equipment of all armoured formations, 


Major C. D, P. Jones—The question of burns has 
interested me vastly during the past four years. 
During the battle of the Gothic line I was presented 
by a Padre with a bag which he thought would 
make a good tobacco pouch, These bags ccvrry 
cordite charges for the 155 mm gun, the American 
Long Tom. It struck me at the time that it would 
make a good covering for burns. My personal prac- 
tice has been that when a patient comes in with 
burns I take him to the theatre and wash the burned 
limb carefully and gently with saline under intra- 
venous morphia. I then gently smear the limb with 
liquid paraffin and put it in the bag. The bags can 
easily be sterilised, and are easily obtainable by 
forward surgeons. They can be sealed, and altered 
in shape by a flat iron, My theatre orderlies have 
put on thumb pieces which work very well indeed. 
I had one officer patient with extensive burns of the 
arm, He poured out 25 ounces of serum per day for 
seven days, As regards exercises in these bags—I 
found I could get patients to move their fingers and 
thumbs very quickly, These exercises should not be 
left to the sister or the orderly but~should be the 
_ responsibility of the surgeon. In the first five days 

of this battle four surgeons were working with me. 
We covered 250 priority one cases. The wards were 
working at tremendous pressure, consequently the 
orderlies could not find time to supervise men work- 
ing their hands, One thing about exercises, there is 
a tendency to ask patients to move their fingers as 
though they were playing a piano. I think it essen- 
tial that all four fingers should be moved together 
and the thumb brought up into opposition, 


Lt-Col. Latchmore.—There is one point I would 
like to bring before the meeting, In some of the 
worst burns of the hands and feet seen in war-time 
I believe there is occasionally a place for the use 
of the decompressive incision. This seems an 
extreme view, but I will describe a case in which 
it had a place. An Italian child was brought in 
suffering from very severe burns of the feet caused 
by a mine. While cleaning the first foot I noticed 
that it was so tensely swollen with cedema that all 
the toes were stiff and dead white. (You will 
remember that when a hand loses most of its 
epidermis in a severe burn, the common appearance 
is to find the exposed dermis scarlet on the palmar 
surface, where the skin is thick and adherent, but 
often white on the dorsum, where the thin skin is 
stretched tight by oedema. The change from scarlet 
to white is striking along the sides of the fingers. 
Now when the heat trauma has been greater, the 
tension in the hand or foot can rise to such an 


extent that the blood is pressed even out of the thick ~ 


palmar skin, The dermis may also have been coagu- 
lated and made less elastic by the heat. In such a 
hand or foot, dead white with tense cedema, I feel 
that the circulation is jeopardized and that there 
may be some place for decompressive incision.) I 
know this sounds an extremely unusual procedure. 
In this Italian child, as I cleaned the first foot, I 
said to my anesthetist “I am sure a decompressive 
incision down the front of the ankle could help this 
foot.” I didn’t do it, but when I came to the other 
foot I was astonished and delighted to find that the 
pressure in it had been so great that the skin had 
burst spontaneously in a_ split right down the 
dorsum, and serum was pouring out from the ex- 
posed white subcutaneous tissue glassy with cedema. 
I then incised the first foot. I have never applied this 
to a hand, but I feel that cases may occur in which 
such incision would help. 


Wing Commander Nash, R.A.F.—It is most im- 
pressive to see what is going on, for we in the R.A.F, 
lead a cottage hospital sort of existence at the base. 


There is one thing I would have liked to have said 
on Monday and which I think may be mentioned 
here, which characterises Air Force wounds, and 
that is that our men go into battle clean, and if they 
get injured they come back clean, if they came back. 
Therefore the number of wounds which can _ be 
regarded as clean is very much greater than 
amongst soldiers. 


With regard to burns of the hand, One speaker 
has already stressed the point of fluid loss. I use 
these Stannard envelopes for the first three or four 
days in burns of the hands, Patients hands are more 
comfortable in these bags, It is quite common to 
see half a pint of plasma in each bag during 24 
hours, and it is amazing how clean the plasma 
seems to stay if it is left alone. 


I was interested to hear Major Battle’s comments 
on anesthesia, I think the use of general anesthesia 
is to be greatly deprecated, We are in a fortunate 


position in having baths for the initial treatment of. 


a man who may crash at the base; he may be 
admitted within an hour of his. injuries and as 
many of such cases as possible, are put into the bath, 
dressed and treated. 


Many Air Force burns are associated with severe 
fractures of the spine for instance, which give 
further trouble in treatment and aneesthesia., 
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One other point I would like to add about graft- 
ing. That is, it pays to cover up the knuckles at the 
earliest moment with patch grafts. This should be 
done even in the presence of extensive sloughs, 


Lt-Col. R. A, King.—In our experience of burns in 
the Army, we have had a very high percentage due 
to accidents, and it seems right that the common 
soldier should be educated more thoroughly in the 
physical properties of these volatile oils such as 
petrol and paraffin, 


I was interested in Major Battle’s paper and would 
like to endorse his remarks regarding dressings. 
There seems to be a fashion among some medical 
officers and sisters to favour a dressing of saline on 
lint or gauze, and of course this dries in a short 
time, and when the dressing is changed there is a 
good deal of trauma to the surface. I do think it is 
very important that non-traumic dressing should be 
used such as vaseline gauze or sterile No. 7 paraffin. 


I once had the dismal opportunity of dealing with 
seven cases of burns in. which the men were burned 
over about 90% of the body area. One of these men 
lived for nine days, and during that time he had a 
total of just short of 40 pints of plasma, The weather 
at this time was very hot, between 95 and 100° in 
the shade in Algiers. Having such extensive surfaces 
involved, one or two were dressed, unfortunately, 
with vaseline packs until I realised they were get- 
ting heat stroke. The whole lot died. I am sure that 
two of these men suffered directly from heat stroke. 


Major MacPherson.—Major Battle has stressed that 
the value of the early dressing lies in protection, 
and I am most impressed by the long sleeves which 
Major Jones has produced today, I have been using 
a small sulphonamide mitt for some time in burns 
of the hand for the early dressing, and the ease of 
its application and the way in which full use of 
exercises can be practised in it seemed to me to be 
a great virtue. 


I have found that CTAB was by far the most 
valuable cleansing agent I have come across. 


Another idea which I have borrowed through 
Capt. MacDonald from the Canadians was the use 
of double strength plasma in reducing cedema, 
particularly in burns of the hands and of the face, 
because these are areas in which you can literally see 
cedema disappear before your eyes after its use. It 
is a very soupy solution and has to be put in under 


considerable pressure. Although needing attention © 


whilst going in, the results are quite amazing. 


The third thing which has impressed me is the 
importance of choosing the best time for evacuation 
in burns. The man’s mental condition gives you an 
extraordinarily good idea when to send him, As 
Major Battle has said, during the first short. period 
of resuscitation he becomes mentally clearer, but 
there comes a period when he becomes mentally 
duller, He is unable or unwilling to do things for 


himself, As he recovers from that, the time for 


evacuation to a base unit draws nearer, and when 
he is mentally orientated and able to ask for what 
he wants, then, provided other conditions are equal, 
I think the time for sending him back to the base 
has arrived. 


General Monro.—On behalf of all you I should 
like to say how much we appreciate Wing Com- 


mander Nash’s remarks and how pleased we are to- 


see the R.A.F. at this meeting, 


It looks as if this -discussion is splitting on the 
question of whether to immobilise or whether to 
get the fingers to move early. Here I think the views 
of our American colleagues would be most welcome, 
and I would like to hear what Col. Churchill has to 
say, Before we ask him, I think there is one point 
mentioned by Col. King. The question of heat 
hyper-pyrexia in extensive burns will always arise. ° 
This is a problem we are going to have to face in 
Burma. We will have to guard against it, 


Colonel Churchill.—! am sorry you have asked me 
this difficult question! I think in general in the 
local treatment of burns we use the simplest pos- 
sible application which with us usually means 
vaseline gauze, or even dry gauze, and then apply 
a pressure dressing and leave it alone, To apply a 
pressure dressing on the hand, gauze is inserted 
between the fingers and the hand immobilized in 
position of function, Obviously we do not expect to 
attain early motion. 


I think our surgeons are fairly well agreed that in 
the first 10/12 days, the hand should be immobilised 
in the position of function, with firm pressure to 
control cdema. Any difference of opinion as to the 
desirerability of motion will come after that point. 
There are certain proponents of still longer immo- 
bilisation until complete healing is accomplished by 
grafting. When there are unhealed areas it is believed 
that motion simply pumps more lymph into the 
tissues and causes more fibrosis. Others believe that 
motion should be started after the acute reaction has 
subsided without waiting for complete healing, 


One other point of difference, There is a definite 
trend towards very minimal disturbance of the 
burns in the primary treatment. We have discon- 
tinued our efforts to completely cleanse a burn and 
simply wrap it up and rely on parenterally admini- 
stered chemotherapy, I think in general our sur- 
geons have been very glad to accept such a very 
simple method of management. 


Major-General Mitchiner.—1I do not think I have 
anything interesting to say on this problem, The 
older I grow, the less I know about burns, and the 
more I am interested to see we are reverting to 
methods which were introduced when I was a 
dresser 40 years ago, which we have given up 
and taken to again, I do not think the results are 
any better for this local treatment. I agree with 
Col, Churchill that the less we interfere with burns 
the better. Personally, I was very much impressed 
by the German surgeons who, 15 years ago, were 
using early pressure treatment — a very efficient 
pressure treatment with starch and bismuth banda- 
ges, Their results were extremely good. I must say 
I have not seen much of the pressure treatment, but 
what I have seen, has impressed me very favourably 
indeed. Every branch of the fighting services has its 
own problems, and as Wing Commander Nash has 
said these vary very much from the Royal Air Force 
in the Army and the Navy. I still think, in spite of 


‘being prohibited from saying so, we shall get tannic 


acid back! 


Major Battle—The crux of the situation, gentle- 
men, is that we appear to be divided into two 
schools, We do, however, agree that the severe burn 
must be immobilised, I do not think there is any 
place for Col, Latchmore’s incision, but I was most 
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interested to hear of the double-strength plasma 
injection for the control of cedema. It would be a 
great relief to me if we could avoid early movement 
in burns of the hand. That would appreciably cut 
down the amount of work we have found necessary 
in the active treatment of these cases, 


When so distinguished a person as Col, Churchill 
stands up on behalf of the American services and 
tells us that pressure and immobilisation are neces- 
sary, we must take this very seriously, and I, for 
one, will certainly change my technique and see if 
I can better results from this method, 


OBSERVATIONS ON ALTERED PROTEIN METABOLISM 
AFTER THERMAL INJURY 


Captain SOMERS H. STURGIS, M.C., A.U.S. 


Introduction : 

A severe burn must be cared for with foresight 
and planning, and with a knowledge of the clinical 
crises that. may arise from the unique features of 
thermal trauma, Physicians have found it pertinent 
to recognize different stages in the progression of 
a case from injury to convalescence, for each one 
‘presents its own problems in therapy, These stages 
will be defined as follows for the purposes of the 
present discussion :— 


I. From 0 to 24 biiaigo the phase of shock. 

II. From 2 to.10 days—the phase of delayed 

visceral damage.. 

Ill. From the fourth day on—the phase of sepsis. 

IV. From the tenth day on—the phase of mal- 

nutrition. 

The particular reaction to iniury from a burn that 
demands especial handling of these phases results 
from an altered metabolism induced by plasma loss. 
For it is not alone the decrease in blood volume, nor 


the hemoconcentration, nor the edema per se, but. 


the loss of circulating plasma proteins that is funda- 
mentally important, and that involves a fundamental 
threat to vital processes. It is, therefore, essent.al to 
the clinician to examine the effects of changes in 
protein. metabolism—the compensating mechanisms, 
and the supportive measures now. available—in 
order to anticipate the lethal factors associated with 


each of the stages outlined above 
I. The Phase of Shock, The trauma of external 
heat rapidly renders exposed capillaries  semi- 


permeable to the molecules of the serum proteins, 
and the fluid escaping into the extracellular tissue 
spaces soon approximates the colloid composition 
and osmotic pressure of the blood stream. Rossiter 
(1) has pointed out that the blood is thus deprived 
of the principle mechanism—osmosis—whereby it 
can replenish its water content. It has been experi- 
bedtally shown that if protein is washed from the 
circulation by plasmaphoresis, this deprivation 
alone can precipitate shock. An immediate mobiliza- 
tion of protein reserves into the blood stream is 
therefore urgently necessary to compensate for the 
continuing loss of plasma through iniured capillary 
walls. Recent investigations (5) have demonstrated 
the normal “ dynamic state” of body protein, Thus 
certain amino-acids have been “tagged” with 
heavy isotopes of carbon, hydrogen or nitrogen, and 
when these ‘“ tags” 


than half the liver protein may apparently be 


are traced it is seen that more. 


broken down and re-synthesized within 10 days. 
Indeed, it is probable that most tissue proteins are 
constantly undergoing degradation and re-synthesis 
with a continual opening and closing of the peptid 
links. This concept makes it easier to understand 
the rapid deployment of tissue protein to compen- 
sate for a falling plasma protein level. The break- 
down of tissue deposits and their re-synthesis into 
albumen, globulin and_ fibronogen takes place 
chiefly -in the liver. The formation of these poly- 
peptids involves selection rather than total utiliza- 
tion of the galaxy of amino-acids resulting from the 
breakdown of protein stores. The unused amino- 
acid aggregates contribute fuel for energy, and 
waste nitrogen—split off as ammonia for conversion 
into urea—becomes one of the excretion products 
of their de-aminization. Fractionation of the non- 
protein nitrogen in blood and urine after a burn 
may show not only the high urea content that might 
be expected but also, and of more importance, a 
marked increase in. so-called “residual nitrogen”. 
The source of this undetermined nitrogen is not 
clear. Drinker and his co-workers showed 
lymph collected from a burned extremity contained 
no greater per cent of non-protein nitrogen than the 
lymph collected from the other, control limb. He 
concluded that tissue destruction at the site of in- 
jury did not contribute significantly to the increase 
in nitrogenous degradation products in the general 
circulation. It is, therefore, likely that a rise in NPN 
and urea formation results primarily from the 
utilization of systemic protein reserves. The function 
of the kidneys must be maintained, for otherwise 
nitrogenous waste accumulates in the blood and an 
irreversible azotemia may result. Kidney function 
may be threatened not only by the after-effects of 
severe shock, but also. by the presence of hemo- 
globinemia. Lysis of red cells may occur in burns 
as a result of destruction of blood in tissues directly 
exposed to heat. Hemoglobin or its derivatives are 
precipitated in the presence of an acid urine to 
form deposits in the kidneys. It is important to 
alkalanize the urine, therefore, if this complication 
is suspected to prevent such deposition. The use of 
sodium bicarbonate for this purpose may have an 
added beneficial effect, for Fox has recently called 
attention to experiments that first suggested ss 
importance of sodium metabolism in a burn. It wa 
demonstrated that a normal diet deficient only "Gi 
sodium may be associated with the development of 
a negative nitrogen balance. 


that 
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Although depletion of deposit protein is rapid, its 
reaccumulation is slow, The replenishment of these 
depleted sources of endogenous protein depends on 
exogenous supplies—that ingested and that given 
intravenously, The former, absorbed into the blood 


stream as simple amino-acids, again adds its quota - 


of waste nitrogen to the products of tissue cata- 
bolism in the circulation. Present purification 
methods make available concentrated solutions of 
albumen, globulin and amino-acid mixtures for ad- 
ministration by vein. None of these preparations, 
however, has been shown to contain any specific 
advantage over plasma while capillary permeability 
persists, and plasma is still considered io be- the 
treatment of choice for burn shock. The liver is the 
key organ in these metabolic processes, and excess 
nitrogen is the chief waste product in the body’s 
effort to replenish an acute loss of protein from the 
vascular bed. 


II. The Phase of Delayed Visceral Damage. Fatal- 
ities occurring from two to ten days after a severe 
burn may exhibit a confusing variety of symptoms, 
including acidosis, azotemia, hyperthermia, oliguria 
and albuminuria and hemoglobinuria. Yet, bearing 
in mind the essential part played by the liver in 
protein metabolism, damage to this organ may often 
play a major role in the metabolic failure to survive 
leading to a so-called ‘“ toxemic” death. Autopsy 
material from cases treated. with tannic acid has 
consistently shown a high incidence of central 
necrosis in the liver. For this reason, Lt.-Colonel 
W. C. Wilson, in his excellent report on burns in 
the Middle East Forces (6), advises against the use 
of tanning solutions. Since the abandonment of 
escharotics, however, fatalities from “ toxemia” still 
occur, and liver dysfunction among severe burns is 
still reported by McClure (7) to be found in 9% of 
cases. Collateral evidence of liver damage after a 
- burn injury is seen in the experiments of Shorr (8). 
Studies of liver sections in vitro removed during 
burn shock showed that oxygen consumption and 
urea formation were apparently normal. This was 
contrasted. with a diminished oxidation and urea 
formation after bleeding shock in similar liver 
slices. The possible explanation for this difference 
between bleeding and burn shock may be that both 
cases suffered liver damage. Such damage, however, 
was manifested after bleeding by lowered oxida- 
tion, whereas, after burning it was masked by the 
_ increased metabolic rate and oxygen consumption 
of the unimpaired liver cells. The need for in- 
creased protein metabolism by the uninjured ele- 
ments in the burn case thus was recorded, not as a 
decrease in oxygen consumption, but as a relatively 
normal rate. The significance of anesthesia, drugs, 
infection or anoxemia resulting from severe shock 
in altered metabolic exchange and viscera] damage 
is not yet clearly understood. 


III. The Phase of Sepsis. In spite of sulfonamides 
and penicillin, sepsis is still reported in 30 to 40% 
of severe burns, Infection itself increases tissue 
destruction and is attended by a‘rise in tempera- 
ture, Both these factors imply an increased rate of 
protein catabolism. The only way to prevent the 
burning of protein for energy to meet increased 
metabolic requirements is to make available suffi- 
cient carbohydrate and fat over and above the 
normal caloric requirements, Infection is frequently 
associated with the onset of anemia by the 6th to 
the 10th day. Whole blood transfusions are doubly 
important during this stage since they provide not 


only red cells, but also the globulin fraction of 
plasma that, according to Cannon (9), contains the 
antibody mechanism for combating infections. 


IV. The Phase of Malnutrition. The ‘“ waste” 
nitrogen that results from increased protein meta- 
bolism is converted in good part into urea, and ex- 
creted by the kidneys. The accumulating negative 
nitrogen balance recorded in severe cases may 
reach astounding figures (10). This deficit must be 
restored by means of a high protein intake, since 
protein synthesis does not occur in the body. Every 
effort should be made to have the patient take by 
mouth at least 100 gms of protein daily. Severe 
burns, however, may show an excessive degree of 
protein depletion, and in such cases amigen, the 
protein (hydrolysate), as well as concentrated 
albumen given by vein, has been used successfully. 
Amigen, however, is not a “complete” protein; 
nitrogen equilibrium cannot be maintained by this 
compound alone, and the sulphur-containing essen- 
tial amino-acids must be given as well. Great care 
must be exercised in its preparation for intravenous 
administration. to avoid severe untoward reactions. 
Its use by vein should probably be limited to those 
desperate cases in which it may carry a patient 
temporarily past a period of inability to take food 
or fluid by mouth. Under these conditions it may 
prove to be a valuable supplement to concentrated 
albumen, or plasma and whole blood, 


However, it is only when the burned area is 
finally covered again with epithelium that the meta- 
bolic crises induced by the sequence of massive 
plasma loss, major depletion of protein reserves and 
inadequate protein intake are relatively easily over- 
come. 


In conclusion, it may not be out of place—in view 
of the increasing use of flame-throwers on both 
fronts of the global war—to add a few remarks on 
the results of exposure to this weapon, and the new 
problems in therapy thus presented to the Medical 
Corps. 


Investigation into the lethal effects of ° flame- 
throwers reveals a number of factors other than 
those resulting from a direct burn that may contri- 
bute to the death. Flame is used most effectively 
against strong points where the enemy is well pro-. 
tected from other weapons, but is confined in a 
narrow space. The immediate result obtained by 
flame against such emplacements is (1) a sharp fall 
of oxygen to zero in 60 seconds, (2) a precipitant 
rise in carbon monoxide in the same time, (3) a 
rapid concentration of non-combustible gases, and 
(4) an immediate increase in temperature to. the 
neighbourhood of 250° centigrade. The victim of 
this attack may die from anoxemia, from carbon 
monoxide or poisonous gases, or from thermal in- 
jury. The effect of the sudden and tremendous 
increase in environmental temperature, even when 
there is no. actual surface loss of skin, is not yet 
clearly delineated. The critical level of fatal ex- 
posure may be expressed as the product of the 
caloric bombardment per square centimeter of sur- 
face exposed per minute. 


It may be well for the Medical Corps to bear in 
mind the complicated pathology expected in soldiers 
who have had a sublethal contact with flame in a 
confined space. Other metabolic alterations in these 
cases may prove to be even more vital to survival 
than those commonly associated with the usual 
severe burn, 
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THE RELATIONSHIP OF WOUND HEALING AND PROTEIN METABOLISM — 


Surgeons have shown a marked interest in wound 
healing since early times. Pare, John Hunter and 
Lister were especially concerned with the problem 
of wound repair. Since, as surgeons, we often make 
wounds, it is fitting that we should always strive 
to secure the best possible repair of the body tissues. 
The problem of wound healing is a very broad one, 
being affected by many local as well as general 
factors. The present discussion is concerned 
primarily with the relationship of protein meta- 
bolism to wound healing; nevertheless, it would be 
a mistake not to mention some of the other factors 


concerned, since the various factors” in wound 

healing are closely related. 

GENERAL Factors INFLUENCING WouNnpb REPAIR 
INCLUDE: 


(1) Age of the patient; (2) temperature variations; 
(3) Water balance; (4) nervous influences; (5) the 
presence or absence of certain debilitating diseases; 
(6) diet, with reference to food and vitamin intake; 
and (7) the, protein and vitamin reserves of the 
body. (1), (2), (3), (4). 


Among important local factors affecting wound 
healing may be mentioned: (1) Trauma; (2) the 
presence of necrotic tissue or other foreign material 
in the wound; (3) local blood supply; (4) the pre- 
sence or absence of dead space within the wound; 
(5) hematomato; (6) pressure abnormalities, whether 


too much or too little pressure is applied; and (7). 


infection. 


(3), (5). 


METABOLISM OF PROTEIN . 


A brief review of certain known features regard- 
ing the body metabolism of protein will prove of 
value before presenting ‘the evidence concerning 
wound defects related to deficiencies in protein. 


Foods containing a majority of the essential 
amino-acids are referred to as high quality proteins. 
The body utilizes such high quality materials to 
fabricate the proteins of the plasma and the tissues. 
(6), (7). The plasma albumin and fibrinogen seem 
to be formed in the liver. Plasma globulin is formed 
in the liver, but also to some extent in other organs 
making up the reticulo-endothelial system, namely 
in the spleen, bone marrow and lymph nodes. Like- 
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wise, hemoglobin is formed by the reticulo-endo- 
thelial system. The liver is concerned with the 
storage of protein as well as with its formation. 


Deficiencies in the plasma and_ tissue proteins 
may be restored from endogenous or exogenous 
sources, In the latter case, such restoration is by 
dietary intake of adequate proteins or by the in- 
travenous injection of blood, plasma or hydrolysates 
of amino-acids. 


The endogenous replacement of plasma _ protein 
loss is from the protein stores of the tissues, A state 
of dynamic equilibrium is thought to exist between 
the tissue and plasmasprotein. In case of an acute 
loss of plasma protein, however, as occurs follow- 
ing a severe haemorrhage or an extensive burn, only 
a part of the tissue protein is available for im- 
mediate replacement. 

Methods are available for the determination of the 
plasma protein level of the individual, the normal 
being usually given as 6.5 to 7 grams per 100 cc, 
with a ratio of albumin to globulin of 1.6 to 1, A 
single determination of plasma proteins in a given 
case may fail to give a fair picture of the state of 
protein reserves. (8), This is true because (1) dehy- 
dration may mask a deficiency; (2) the albumin 
fraction, so important in water balance, may be 
greatly decreased with a concomitant rise in globulin 
due to infection or liver disease; and (3) the tissue 
protein reserves may be greatly depleted before 
this is reflected by a change in the plasma deter- 
mination. Unfortunately, no satisfactory method is 
available for determining the state of the protein 
reserves. (9). In the absence of such methods, the 
clinician must depend upon such evidence as weight 
loss, the amount: of tissue exudates from burned or 
traumatized surfaces, the history of protein loss by 
bowel] fistula, gastric suction, or from disease of the 
liver or kidney, Thus the length of time before an 
inadequate protein intake or a continued deficit of 
protein becomes a serious. problem is directly re- 
lated to the amount of tissue protein present at the 
time the inadequate intake or excessive loss began. 
From the above it may be seen that it is more accur- 
ate to speak of protein deficiency rather than of 
hypoproteinemia, 
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SoME-RESULTS OF PROTEIN DEFICIENCY 

Many changes occur in the organism as a result 
of protein deficiency. Some of these changes are: 
(1) An alteration of water balance with resultant 
tissue edema. This tissue edema produced by hypo- 
proteinemia is responsible for several sequel, all 
of which are unfavourable to the surgical patient. 
These include an increased likelihood of infection 
and a delay in emptying time of the stomach and 
small bowel. (2). Changes in the fibroblastic reaction 
of the wound result from hypoproteinemia. The 
fibroblasts in the wound of the protein deficient 
animal are fewer in number and later in appearance 
than in the normal animal. (3) Globulin deficiency, 
occurring with the genera] protein loss, results in a 
smaller amount of immune substances, since anti- 
bodies consist of gamma globulin, a_ specialized 
form of protein. 


EFFECT OF PROTEIN DEFICIENCY IN WouND REPAIR 

Carrel called attention to the fact that protein 
served as a stimulus to successful wound healing, 
and later Clark’s experiments substantiated this 
finding. (10), (11). Harvey and Howes reported an 
increase in fibroplasia and consequently more rapid 
healing in experimental animals receiving a high 
protein diet «4s compared with those kept on a diet 
deficient for a long period of time, (12), Ravdin, 
Thompson and their associates have recently done 
much to acquaint surgeons with the general im- 
portance of the problem. (13).. These investigators 
showed very definite abnormalities in wound repair 
in dogs rendered deficient of protein by plasma- 
phereses. Wounds in dogs. with severe hypopro- 
teinemia were shown to be edematous and to con- 
tain an increased amount of fluid grossly. The 
tissues appeared pale and did not seem to bleed 
normally. Microscopically, there was an increase in 
extra-cellular fluid and the tissues appeared edema- 
tous. Sections of seven-day wounds showed few 
fibroblasts to be present. Sections of wounds 14 days 
old revealed fibroblasts to be present, but the fibro- 
blastic reaction was much less than that seen in the 
wounds of normal animals. These wounds showed 
a great decrease in tensile strength, and many of the 
animals suffered from wound disruptions. It was also 
reported that catgut lost its tensile strength sooner 

in hypoproteinemic animals than in normal animals. 

Wounds in hypoproteinemic animals could be 
caused to heal normally provided a sufficient amount 
of plasma was given post-operatively. In other ex- 
periments these investigators demonstrated that 
protein deficiency, besides retarding normal wound 
fibroplasia, also caused a delay in the emptying time 
of the stomach and a decrease in intestinal motility. 
They also reported a delay in the formation of 
osteoid and callus in dogs with experimental frac- 
tures, 

Numerous writers have called attention to the 
connection between hypoproteinemia and wound 
disruption. (14) (15). Although it is likely that an 
important relationship exists in some cases, one 
must be careful in assigning a single cause for 
disruption when there are so many variable factors 
in almost every case of wound dehiscence. Infection 
notoriously interferes with normal wound repair. 
It is easy to see why the edematous tissues of a 
patient with marked hypoproteinemia would be 
more susceptible to infection. 

Cannon has called attention to another method 
whereby protein deficiency makes infection more 


likely to occur namely by disrupting the normal 
body processes concerned with the natural, and 
acquired immunity of the individual. (9). It is logical 
that prolonged undernutrition or excessive protein 
loss should affect adversely -natura] immunity, since 
protracted protein deficiency leads eventually to 
atrophy of the liver, spleen, bone marrow and lym- 
phoid tissues, and it is from these tissues that most 
of the phagocytic cells originate. Of equal or greater 
importance in combating infection caused by com- 
mon pathogenic organisms is acquired resistance. 
Antibodies have been shown to consist of gamma 
globulin, a specialized type of protein. When the 
body is markedly deficient in protein it will be 
unable to exhibit the normal antibody response to 
infection because of the lack of protein from which 
gamma globulin may be fabricated. Thus in some 
hypoproteinemic animals it has been shown that the 
gamma globulin may be reduced to from 20 to 30% 
of normal, 

EXPERIENCES WITH PROTEIN REPLACEMENT THERAPY 
IN SURGICAL PATIENTS : 


In military practice, I have had the occasion to 
observe more patients with an acute protein loss 
than with a chronic or gradually developing protein 
deficiency. Almost all of the patients I have observed 
with an acute hypoproteinemia have suffered from 
very severe burns, or from severe accidental hemor- 
rhage. The fewer cases of hypoproteinemia of chro- 
nic origin personally observed in soldiers have been 
in battle casualties who have had severe injuries 
involving the abdominal vicera or the thorax. In 
these individuals protein intake was inadequate over 
a significant period of time and large ‘amounts of 
protein had been lost. in some instances by gastric 
suction, ileostomy drainage, or from exudation into 
the thoracic or peritoneal cavities. In civilian prac- 
tice, the protein deficient state was seen more fre- 
quently in elderly patients with diseases of the 
gastro-intestinal tract, notably in obstructing duo- 
denal ulcer and in malignancies of the stomach and 
bowel. In addition some of these patients had liver 
disease which interfered with normal protein me- . 
tabolism. 

In our military experience, dealing chiefly with 
young adults who were previously in good general 
condition, we have almost always been able to cor- 
rect protein deficiencies when found. I do not feel 
that this has been an important factor in delayed 
wound healing in the patients we have treated. 


_ Replacement therapy is best carried out by giving 
the patient an abundant amount of high quality pro- 
teins by mouth when such is possible. When oral 
feeding is impossible, or when it requires supple- 
mental methods, we have chosen to give large 
amounts of plasma and whole blood. Since one unit 
of plasma contains only 18 grams of protein the 
amounts of plasma or blood required for replace- 
ment therapy may be very large. However, we 
believe at present that this is the safest way to tide 
the patient over until an adequate dietary intake 
can be established. Recently, preparations of amino 
acids suitable for intravenous use have been intro- 
duced for replacement therapy, Amigen, a hydroly- 
sate of casein, prepared as a 5% solution in 5% 
glucose, has been used at home and in this theatre. 
A litre of this solution contains 50 grams of protein, 
and it has been found that it can be given intra- 
venously with relative safety. This appears definitely 
to be a step in the right direction, however, it seems 
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likely that a better product will be found for paren- 
teral. protein therapy. This casein hydrolysate must 
be given very slowly if one is to avoid reactions, 
and also there is a tendency for it to cause throm- 
bosis of the vein into which it is injected. Although 
my personal experience with this material has been 
quite limited, Colonel Kirtley, of our 300th General 
‘Hospital, recently told me that he had given approx- 
imately 124 litres of amigen, He was not at all enthu- 
siastic because he felt that one out of three of the 
patients receiving the digest had suffered a severe 
febrile reaction from it and because many had re- 
ceived thrombosed veins. 


‘Perhaps many of these reactions could have been 
avoided by utilizing four hours for each litre inject- 
ed. This, in itself, however, is an undesirable 
feature of the method. 


SUMMARY AND CONCLUSION: 

1. Some of the important factors regarding protein 
metabolism have been reviewed and the importance 
of adequate protein reserves to the body have been 
pointed out. 

2. The difficulty of securing adequate information 
regarding the state of protein sufficiency from a 
single plasma determination is stressed. 


3. Marked protein deficiency -is believed to inter- 
fere with normal wound healing chiefly because: 


a. Fibroplasia is retarded. 

b. The wound is rendered edematous. 

c. Infection is more likely to occur as a result 
of a decrease in gamma globulin of which 
antibodies are composed. 


4. Replacement therapy consists, in the order of 
importance, of a high protein dietary intake, blood 
and plasma transfusions, and hydrolysates of amino 
acids suitable for intravenous use. 


5. In the cases of protein deficiency personally 
seen in this theatre, the above methods of replace- 
ment were adequate, and we have not observed 
delayed wound healing in soldiers due to hypopro- 
teinemia. 


6. It is agreed that the general factors of diet, 
hydration, and maintenance of normal blood and 
plasma levels are important. It is equally important 
that we never lose sight of the necessity for good 
surgical technique, including rigid hemostasis, the 
removal of necrotic tissue, the maintainence of an 
adequate blood supply, the avoidance of dead space 
in the wound, and the proper closure of the wound 
at the optimum time. 
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General Monro.—To those of us whose academic 
ration did not include this somewhat modern bio- 
chemical background, I am sure a lot of this, speak- 
ing for myself, is a little above our heads, However, 
I congratulate Col, Harwell Wilson for the remark- 
able way in which he has dealt with this complicated 
subject, and the sound practical conclusions he came 
to, and we are very grateful to see him and his 
American colleagues at this meeting. 
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PLASMA PROTEIN LEVELS IN CHRONIC SEPSIS 


Major R. S. GARDEN, RAMC 


What I have to describe are the preliminary find- 
ings of an investigation which has been carried 
out to determine the value of plasma protein estima- 


tion as a guide to treatment in chronic sepsis. A total | 


of 77 blood examinations have been made in 50 
patients suffering from well-established infection. 
The majority of these patients were Yugoslav battle 
casualties, and there has been little doubt as to the 


chronicity of their lesions. Many of these remark-- 


able people had had no resuscitation or primary sur- 
gery, and came for treatment months, and sometimes 
years, from the date of wounding, Their condition 
on arrival was in striking contrast to that of British 
wounded. They were often toxic, emaciated and 
markedly anemic, whilst abscess formation, was 
frequently enormous. 


Of the 50 patients chosen for the investigation, 20 
are now healed and have been discharged from 
hospital, 22 are not yet healed, whilst 5 have died 
and 3 are likely to die in the near future. 


It has been shown, both clinically and experimen- 
tally, that-copious pus formation is a source of con- 
siderable protein loss, and it is not unreasonable to 
presume that this loss should be reflected in the 
level of the blood plasma protein. In the present series 
this has seldom been the case. This finding, however, 
may be offset by the fact that no significant depriva- 
tion of protein in the diet of these patients has been 
noted either before or after their admission to hospi- 
tal. Even the seriously ill Yugoslav can still consume 
large quantities of both protein and carbohydrate 
as compared with British patients. Lt.-Col, J, Halli- 
day-Croom, R.A.M.C, has made careful enquiry into 
the diet and physical condition of the patients under 
investigation and has been unable to find any 
outstanding evidence either of protein deprivation 
or general dietary insufficiency, 


The results of the investigation have been charted 
on the accompanying graph, on which the follow- 
ing data have been recorded :— 


Plasma protein, 

Heematocrit, 

Number of weeks since wounding, 

Clinical progress, and 

Blood transfusion given prior to examination. 


The plasma protein and “ number of weeks since 
wounding ” charts have been superimposed, as also 
have the hematocrit and “ clinical progress ” and 
plasma protein and hematocrit and “clinical 
progress ” and plasma protein and hematocrit charts, 


Reference to this graph shows that the plasma 
protein estimations have fluctuated within the 
normal limits of 5.8—8.6 grms per 100cc in all but 
4 cases, which have been below these limits. 


Again, the “ mean normal” range of 6.0—7.3 grms 
per 100cc has been found to include only 28 of the 
estimations, whilst 48 have been above and 4 have 
been below this range. A control series of 50 blood 
donors have been examined — the same copper 
sulphate specific gravity method of laboratory exa- 
mination being used throughout — and, in these, 


the plasma protein has varied but little above the 
7.5 grms per 100 cc. level. Further investigation 
may show, therefore, that the accepted range of nor- 
mality is an unduly wide one, and the plasma 
protein findings may require interpretation accord- 
ingly. 

In contradistinction to the plasma protein, the 
hematocrit has been found to fluctuate almost al- — 
ways below normal levels. The superimposed 
hematocrit and clinical progress charts have fol- 
lowed each other closely, as also have the super- 
imposed plasma protein and hematocrit charts. This | 
may reasonably be taken to show that the plasma 
protein and the hematocrit have been affected by 
chronic sepsis in the same way, 


{t seems probable that the blood retains its normal 
plasma protein content for as long as possible in 
chronic sepsis, and equally probable that this is 
achieved at the expense of other tissues. The slight, 
though sensitive, deviations which have been noted 
in the plasma protein estimations, therefore, may be 
reflections of much greater disturbances in the 
protein content of the tissues as a whole. These 
estimations -may thus be a more reliable guide to 
treatment than would at first appear, There is ample 
clinical evidence as to the value of repeated blood 
or plasma transfusion as an adjunct to treatment in 
chronic sepsis, and if such therapy is indicated by 
simple hemoglobin and orthodox clinical tests the 
presence of a normal plasma protein should be 
ignored. The presence of a plasma protein finding 
of 5.5 grms per 100cc or less, on the other hand, 
cannot be ignored, and in the present series all 
patients who have had a plasma protein estimation 
below the 5.5 grms per 100cc level have died, or 
are likely to die soon. For this reason, the plasma 
protein should be carefully watched, and even in 
the absence of a dramatic variation from the normal 
its rise and fall appear to be in keeping with the 
hematocrit — and therefore with the hemoglobin, 
except in the presence of altered red cell size,. It 
may therefore be assumed that blood transfusion can 
be given in chronic sepsis with every confidence 
that, as the hemoglobin level rises,. so will the 
plasma and general body proteins approach’ nor- 
mality, 


General Monro 


Major Garden has provided the last link, as his 
interesting graph on the screen showed. I think it 
would be fair to say that at the beginning of this 
war we rather thought chronic sépsis would be a 
problem, We were inclined to be influenced at that 
time by closed plaster methods. Speaking of the 
British services, and I think I can say the same for 
our Allies, this has not happened, particularly in 
this Command. This is a matter for great congratula- 
tion, We know at A.M.D. the immense drive that 
has been made in wound closure. This is a most 
satisfactory: thing. When one thinks of the dreadful 
wounds of the last war, pouring with pus, the labour 
of going round cot after cot, and the pain which 
each dressing caused, it is indeed a terrific advance 
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to think what you have done, particularly in this 
Command, I believe largely because of the extra- 
ordinarily good organisation and set-up, and chronic 
sepsis is a problem only of the Yugo-Slavs and such 
people who have not the advantage of this organisa- 


tion. I would like to take this opportunity of ex- 
pressing my gratitude’ to Brigadier Edwards, Bri- 
gadier Stammers, and al] of you who have worked 
in co-operation with them, for this fine effort in 
getting so many wounds closed at an early stage. 


Thursday 15th February 1945 
AFTERNOON SESSION 


Subject: VASCULAR INJURIES 


Presiding: 
' Brigadier Stammers, Consulting Surgeon 


Brigadier Edwards 


As you see, this afternoon is to be devoted to vascular surgery, a subject 
which still holds many problems. I think you will agree, especially the forward 
surgeons, that nobody has done more to tackle this problem than my comrade-in- 
arms, Brigadier Stammers, and I think it very appropriate that he should take 
the chair at this meeting, and this he has kindly consented to do. 


Brigadier Stammers 


This is a problem which concerns forward surgeons, and I hope we shall get 
some information which will help us in this dismal picture. I have asked my 
forward colleagues to let me know the number of vascular arteria] injuries that 
they have had. They have not all replied, but we have got quite a few. Just 
to show you the magnitude of the problem, out of 36 popliteal ligations 26 
amputations followed, and out of 3: femoral ligations 21 amputations followed, 
Any information which may come out of this discussion to help us to improve 
these depressing figures will be valuable. I will now call upon the opener ot this 
discussion, Colonel Mason- Brown. 
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A PLEA FOR CONSERVATISM IN THE PRIMARY SURGERY OF 
WOUNDS OF THE MAIN ARTERIES OF THE LIMBS 


by 


Lt.-Col. J. J. MASON BROWN, RAMC 


In opening the discussion today I am at some- 
thing of a disadvantage for the experience of war 
wounds of arteries at the Field Vascular Centre is 
limited to the results of previous primary ligation 
and to the complications of arterial injury. In 
describing what we have done and the conclusions 
we have drawn from the work of the first nine 
months I hope that you will have the basis for a 
free and full discussion today, 


The earliest stage at which we see cases other 


than primary ligations is that of the traumatic 
arterial hematoma. Let us consider the clinical 
features, 


Traumatic Arterial Heematoma 

The wound is usually trivial and at some distance 
from the lesion. Clinical features—lInitially these 
are :— : 

(1) the presence of a firm tense swelling in or 
near the anatomical line of an artery. 

(2) the swelling does NOT pulsate. 

(3) the peripheral pulses are diminished or absent. 

The swelling may or may not alter in size but 
within a day or two the signs change owing to the 
increased circulation through the hematoma :— 

(1) the centre of the swelling becomes softer. 

(2) pulsation is felt over it. 

(3) at first there is a faint blowing systolic 
murmur, but this becomes louder and rougher as 
the blood flow increases and a thrill may be felt 
over it. 

(4) the peripheral pulses may be diminished and/ 
or delayed. 


In the early stages it is usually impossible to tell 
clinically whether the vein has also been injured. 
The initial systolic murmur becomes more and more 
prolonged until the continuous bruit of the venous 
lesion becomes established. The greater the venous 
lesion the less likely are early complications for it 
acts as a safety valve, and the more rapid is the 
development of the collateral circulation. In many 
cases the exact diagnosis can only be established by 
arteriography or at operation. 

As soon as the case is admitted, examination is 
carried out to assess (a) the degree of peripheral 
ischemia, (b) the size of the swelling, (c) pressure 
on other structures, (d) the state of the wounds, 
which are usually trivial, healed or healing, (e) 
sepsis, including the possibility of gas gangrene, If 
there are signs of pressure on nerves it is important 
to find out whether the paralysis occurred imme- 
diately after wounding or as a later sequela, (pro- 
bably due then to compression). This examination is 
important in deciding the need for early operation, 
the indications for which are (1) hemorrhage, 
usually internal and less often external, (2) severe 
and progressive ischemia in the presence of a large 
hematoma, (3) pressure on nerves. 

Of these the assessment of ischemia requires 
further consideration. 


Ischzemia : 

This disabling complication may arise: (1) at the 
time of wounding, from complete division of a main 
vessel with external hemorrhage, (2) from contusion 
followed by thrombosis of the main artery, (3) from 
the development of a traumatic arterial hematoma 
or arterio-venous lesion, (4) from operative treat- 
ment, e.g., ligation before a satisfactory collateral 
circulation has been established. 


What are the clinical features of Ischzemia? 

(1) Loss of the peripheral pulses, This is not in 
itself of significance for the collateral circulation 
may be adequate or the presence of the lesion may 
cause sufficient lowering of the peripberal blood 
pressure to make the pulses impalpable. 

(2) Coldness of the limb, Reliable only if the limb 
is significantly colder than its fellow under the same 
environment conditions. 

(3) Pallor of the skin or if the limb be dependent 
cyanosis from the filling of the dilated capillaries 
with stagnant blood. 

(4) Loss of muscle activity, at first of ability to 
sustain movement, and later loss of power even to 
initiate it, 

(5) Hypesthesia or anesthesia of the glove or 
stocking type due to failure of the blood supply to 
the nerves. In the later stages there may be severe 
pain. 

The diagnosis of ischeemia must never be made 
on one of these signs alone, and should be based on 
a full examination of the limb. 


Factors of Importance in the Treatment of the 

Ischzemic limb 

(1) Environment. The metabolism of the limb 
must not be increased by the application of warmth. 
The limb should be exposed to room temperature. 
The application of cold is not advisable for it will 
have the maximum effect on vessels of the skin and 
may precipitate digital gangrene. 

(2) Position of the limb. The limb should be kept 
at least 4 inches below the level of the heart. If the 
vein be damaged the limb may be slightly elevated 
on itself to promote the absorption of oedema though 
still as a whole below heart level. 


(3) Rest. The limb must be kept absolutely at rest 
because failure to do this means muscular activity 
with the diversion of blood to the muscles at the 
expense of the other tissues. Splinting is best car- 
ried out by making a posterior plaster gutter into 
which the limb is placed, the whole of its anterior 
surface remaining exposed and no bandages applied. 

(4) Prevention of Infection. This is of vital im- 
portance because infection demands a local increase 
of blood flow which cannot be spared from the other 
areas of the limb, Keep the skin carefully dry, pay 
particular attention to the webs of the toes and use 
penicillin locally on the slightest suspicion of a 
blister. 
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(5) Reflex vaso-dilatation, Warmth applied to the 
trunk and other limbs will result in reflex vaso-dila- 
tation. Cohen has drawn attention to the dangers of 
this method because it affects only the skin vessels 
and may therefore endanger the muscles, I have not 
the evidence for this statement available, but it seems 
likely that if it relieves the vaso-constrictor tonus of 
the limb it can only be of benefit by releasing the 
collateral vessels from spasm and so producing a 
total increase of the blood flow to the limb. It has 
been our practice to carry out para-vertebral block 
and to maintain its effects by reflex vaso-dilatation 
which is seldom as fully effective as sympathetic 
block. Para-vertebral block even after considerable 
experience is a rather chancy method, and in real 
emergency we have not hesitated to use spinal ane- 
sthesia provided that the patient’s condition per- 
mitted its employment. On several occasions its 
effects have lasted long after the anesthesia has 
passed off. If a good response is obtained sympa- 
thectomy may be considered as a_ pre-operative 
measure. 

(6) The relief of tension. Splitting of the deep 
fascia in the presence of wounds below the arterial 
lesion to relieve tension and to prevent infection 
is sound treatment. As it can obviously have no 
effect on the tension in or around the arterial he- 
matoma it is probably of little value in the absence 
of these indications. 

(7) General measures. If the bleeding has been 
controlled, e.g., by ligation, it is imperative that 
blood transfusion be given to restore the blood pres- 
sure and .oxygen carrying capacity of the blood to 
normal, If the bleeding is not fully under control 
the risks of causing further hemorrhage must be 
balanced against the advantages of transfusion. 

Before deciding to operate consider the duration 
of the ischemia and its mode of onset. Just as the 
body can adapt itself to severe blood loss spread 
over a period, so the limb can adjust itself to mode- 
rate ischemia of a progressive nature, but severe 
ischemia of sudden onset in certain to produce per- 
manent disability even if gangrene does not occur. 
It is safe to treat the moderately ischemic limb ex- 
pectantly for a day or two at least, and with the 
opening up of collateral channels and the return of 
circulation through the hematoma the survival of 
the limb will be secured. 


If operation has to be performed at this stage and 
ligation is the only possibility should the accom- 
panying vein be ligated also? This vexed question 
has been the subject of considerable dispute. Is there 
any evidence that ligation of the vein is beneficial? 
IT must confess that I do not know. It may be that 
it acts by relaxing the arterial tone, for Lewis and 
Grant have shown that venous occlusion is followed 
by re-active hypersemia. Whatever the mechanism 
may be the results of vein ligation are certainly not 
prejudicial and it seems reasonable therefore always 
to tie both the artery and the vein. 


In the absence of indications for early operation 
how soon is it safe to operate? The answer is easy :— 
when the best possible collateral circulation has 
been established and never by rule of thumb. Six 
weeks has been suggested, and certainly at this time 
dissection has been found to be easy, whereas in 
the earlier and later stages in some cases it has 
been difficult. How can we estimate the collateral 
circulation? Before operation such methods as _hist- 


amine wheals, reactive hyperemia, venous filling 
time tests and skin temperature can only. be a 
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measure of the total circulation and cannot diffe- 
rentiate between aneurysmal and collateral circula- 
tion unless it be possible to occlude the main artery 
just above the aneurysm by digital compression— 
frequently impossible and too uncertain. Arterio- 
graph too has its fallacies. and it is safer to wait 
longer if in doubt, 

At operation however reliable evidence can be 
obtained for the proximal artery can be occluded. 
We have employed the following modification of 
the Henle-Coenlein test. With a tourniquet the sac 
is displayed and occlusion clamps applied to the 
artery immediately above and below the aneurysm. 
The sac is opened, emptied and any smal] branch 
entering it occluded. The tourniquet is removed and 
after a few minutes the lower arterial clamps is 
loosened. Any bleeding can only be due to reflux 
from the collateral circulation which is probably 
functioning at its maximum due to the reactive 
hyperemia resulting from the tourniquet. Little or 
no reflux from the distal artery is taken as an 
absolute indication for repair, It is essential to keep 
a running record of blood pressure and pulse at 
operation in al] cases in order that the test may be 
under controlled conditions. 


After these preliminary considerations let me 

quote cases of emergency operation and operations 
of election as examples: (The speaker then showed 
arteriograms and photographs illustrating the foll- 
owing cases). 
'-(1) Papangellis (98B.G.H.) —- Operation 19 days after onset 
of the lesion for severe pain, femoral nerve pressure and 
progressive ischaemia. Direct ligation and division of artery, 
ligation of vein. (Fhoto. Arteriogram). ¢ 

(2) Morwood (2. Ind.C.C.S.) — Large tense hematoma 
involving lower part of popliteal fossa. Expansion and loss of 
anterior tibial pulse which had been present previously. 
Operation at 6 weeks. Evacuation of clot and suture of 
artery. (Arteriogram). 

(3) Pavelic (45 B.G.H.) — Huge popliteal haematoma. Opera- 
tion at 8 weeks for flexion contracture of knee and _ lateral 
popliteal palsy. Peripheral pulses absent but fair circulation. 
Evacuation of clot and suture of artery. (Arteriogram). 

(4) Lester (22 B.G.H.) — Very large popliteal lesion of 6 
months duration. Peripleral pulses present. At operation poor 
collateral circulation. Endothelial lined sac containing no 
clot. Recontructive aneurysmorrhaphy. Peripheral pulses never 
lost. Arteriogram 7 weeks after operation shows irregularity 
of the artery but all circulation passing through the repair. 
B.7—3 months. (Arteriogram after operation). . 

(5) Stamper (33 B.G.H.) — Very large lesion popliteal. Gide- 
ma of limb. Operation at 10 weeks. Varicose aneurysm. 
Ligation of vein above and below the opening and aneury- 
smorrhaphy. Peripheral pulses excellent after operation but 
thrombosed about 14 days later gradually. Illustrates the mis- 
take of performing aneurysmorrhaphy except in the sacs 
purely derived from dilatiation of the vein. Excellent circu- 
lation in spite of this. (Arteriogram). 

(6) Rowse (69 B.G.H) — Femoral lesion with apparently 
good collateral circulation at operation performed at 6 weeks 
because of pain. Direct ligation and division and paraverte- 
bral block. B.7—3 months (Arteriogram). ; 

(7) Littlechild (100 B.G.H.) — Large popliteal arterio-venous 
aneurysm of 8° weeks duration. Excision of sac and lateral 
suture of 3/4 inch tear in artery. Post operative deparinisa- 
tion for 3 days. Peripheral pulses never lost. Letter from 
home — Category A.1. : 3 

(8) Bacon (2 B.G.H.) — Similar but artery and vein lying 
side by side. Closure of venous openings from within the 
sac and recontruction of artery. Peripheral pulses never lost. 
Here I show popliteal thrombosis case for comparison with 
the arteriogram taken 8 weeks after operation. (Arteriogram 
of popliteal thrombosis and after operation). 


Arterio-Venous Fistulae 


(1) Hatch (93 B.G.H.) — Operation at 10 weeks because of 
pressure on tibial nerve. Arteriogram to show the early effects 
of the lesion and the dangers of proximal ligation. Quadruple 
ligation just above and below the lesion. (Arteriogram). 

(2) Bolic (11 Con. Depot) — Femoral fistula of 1 year’s 
duration. Massive limb, pulsating veins. Enlarged heart grossly 
dilated vessels. Division of fistula. Lateral suture of artery 
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and arterialised vein. Uninterrupted recovery. (Fhoto, Arte- 
riogram, Heart X-Rays painting). 

(3) Kotar (45 B.G.H.) — Calcified lesion present for 2 years. 
Enlarged heart. Trophic changes in the limb. Excision. Com- 


plete recovery. (Photo, X-Ray Heart X-Rays). 


In all 47 operations for aneurysm have been per- 
formed involving the following arteries: — 


External iliac - = = 
Femoral - - - - 
Lt. Fem. circumflex- - - 
Popliteal : - - - 
Post tibia] - - - . 
Anterior tibial - - - 


—_ 


Subclavian- - - - - 
Axillary — - - - - 
Brachial - - - - 
Radial - - - eStats 
Inf. ulnar. collateral - - 


Common carotid: - : = 
Internal carotid — - - - 
External carotid - - - 
External maxillary - - 
Superficial temporal — - - 


nt ho — 
oe RN a SH a lar: Do eR hoe eS on | 


One death occurred from leaking aneurysm of 
the external iliac artery, and an emergency opera- 
tion for leaking axillary aneurysm was followed 
by gangrene of two fingers. No other circulatory 
complications have arisen. 

If we consider the main limb vessels, i.e., sub- 
clavian to brachial and external iliac to popliteal, 
the operations are detailed in Table 2:— 


Proximal ligation - 1 (death) 
Proximal and atta (emergency for leaking 
ligation - 1 aneurysm) 
Direct ligation - 13) No circulatory compli- 
Arteria] suture . 75 cations. 
Reconstructive IN : ees . 
circulatory compli- 


aneurysmorrhaphy 5 1 cations. 


Other repairs - - 


Excluding emergency cases therefore half of the 
cases have been treated by some form of repair. 


Let us consider arterial wounds in general. 
Makins found that primary ligation of the popliteal 
_ artery was followed by gangrene in 41.66% of cases, 
the other figures being femoral and subclavian 25%, 
brachial 23%, and axillary 16.66%. In 310 iniuries 
of femoral and popliteal artery gangrene occurred 
in 40% whereas the corresponding upper limb 
vessels had only 4.2% incidence of gangrene. As 
the artery with apparently the worst prognosis, I 
propose to limit my remarks to the popliteal artery, 
with brief reference only to the femoral artery. _ 


Referring to the popliteal artery, Ogilvie quotes 
Stout as stating at a Surgical Conference in Cairo 
that amputation followed primary popliteal ligation 
in all cases and only two surgeons were able to 
quote cases to the contrary. Ogilvie later asserted 
that as the collateral vessels all traverse the popliteal 
fossa they are liable to compression by the hema- 
toma expanding in a space relatively in elastic walls 
and therefore immediate operation is required in the 
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mematoma stage, It seems paradoxical to recom- 
mend a procedure which you have just declared to 
be a one hundred per cent failure. Furthermore, if 
this were true, very few cases of popliteal aneurysm 
would come to operation in the later stages and yet 
it has been the most common lesion in our small 
experience. It would be of interest to consider the 
results of treatment in these cases, for if they are 
satisfactory it might be worth while to modify our 
primary treatment and _ deliberately allow an 
aneurysm to form in selected cases. 


Of the ten cases operated upon for popliteal 
aneurysm, excluding two cases with nerve lesions, 
seven have returned to duty, two in Category A, 
one of these a Polish Officer aged 41. The remaining 
case I felt required further treatment and he was 
evacuated to U.K, where he was given 12 gallons of 
petrol and six weeks leave. 


It was immediately apparent that even in the treat- 
ment of long standing aneurysm, ligation was fol- 
lowed by loss of the peripheral pulses, whereas 
reparative surgery was not followed by even a tran- 
sient loss of pulsation. This presumptive evidence 
that repair resulted in a functioning vessel has been 
confirmed by post operative arteriography in three 
cases. 


It is of interest to consider the previous histories 
with special reference to their primary surgical 
treatment. Of ten popliteal aneurysms eight had no 
primary surgery, and in one case only the skin 
edges were trimmed. The remaining cases were 
treated by wound excision but the iniured artery 
was not noticed, and after repeated large hemor- 
rhages, delayed suture of the large wound converted 
the lesions into an aneurysm, Of nine cases of 
femoral aneurysm seven had no primary surgical 
treatment, of the remaining two the damaged vessel 
was not spotted and the aneurysms were later 
developments, Let me repeat: 19 cases of which 15 
had no primary surgery. 

Only four popliteal cases operated on immedi- 
ately after wounding have been seen :— 


(1) Wounded popliteal «space, no bleeding; some 
numbness of foot. After two pints blood foot warm 
but peripheral pulses not felt, no bleeding from small 
wound lower angle of popliteal fossa, Here I quote - 
the A.F. W3118 verbatim :— 


“In view of the absent pulses for immediate 
exploration, bleeding coming from longitudinal 
split in artery near its bifurcation, ligation of 
artery and vein.’ 

On admission limb survival but crippled by severe 
ischemic changes. Let me repeat, foot warm, peri- 
pheral pulses absent. 


(2) An exactly similar case but with external 
bleeding, treated by Maior Blackburn by primary 
suture with silk. On admission a limb whose circu- 
lation was well established although thrombosis of 
the popliteal artery had occurred. 


(3) Another similar case with external hemor- 
rhage with gangrene of a large area of the heel and 
ischemic muscles, All these cases had had their leg 
fascia widely split, and later suture of the skin. 

(4) The fourth case was the only really satisfac- 
tory result of popliteal ligation that we have seen. 

Why do so few popliteal ligations find their way 
to the Vascular Centre? Is it because the results are 
so good or is it because they have already lost their 
limbs? 
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In 1919 Makins stated ‘‘ suture of wounded vessels 
is the only method by which ideal results can be 
obtained” but he added that “ primary suture was 
only applicable if there was reasonable hope of 
freedom from infection.” Since Makins wrote these 
words a quarter of a century has elapsed; a period 
associated with the universal development of blood 
transfusion, the introduction of the sulphonamides 
and penicillin, the use of heparin and the surgery of 
the sympathetic, Surely with al] these invaluable ad- 
ditions we should be able to produce much better 
results. Have we in fact done so_ It is obvious that 
the results of primary ligature are certain to be 
worse than those of any other method of treatment. 
Are we going to view them with complacency or 
are we going to modify our methods. The following 
suggestions are made :— 


The case with little or'no external bleeding. What 
are the indications for primary surgery? They are 
(1) to exercise the wound and so decompress the 
tissues and prevent infection. (2) Ogilvie’s view that 
in popliteal cases the collateral vessels are oblit- 
erated by the expanding hematoma; (3) early opera- 
tion may mean early evacuation which may be 
necessary for operational reasons. Against this are 
(1) cases which have had no primary surgery ap- 
pear to do well with the treatment of the resulting 
aneurysm: (2) penicillin has reduced the risk of in- 
fection: (3) Ogilvie’s contention* though in theory 
anatomically sound is not borne out in our experi- 
ence, for in four cases of very large popliteal hama- 
toma of six weeks to three months’ duration the 
combination of blood flow through the artery and 
the collateral circulation has been sufficient to 
sustain the limb without any evidence of ischaemia. 


I suggest therefore that operation should never be 
carried out unless (1) the vitality of the limb is 
definitely endangered or (2) the hematoma is rapid- 
lv increasing, The non-operative treatment would be 
(1) penicillin and local dressing; (2) posterior gutter 
of plaster, well padded, and leaving the anterior 
surface of the limb exposed and with no compres- 
sion bv bandages; (3) the freatment of the limb for 
isceemia; (4) A.T.S., A.G.G.S. and general penicillin 
if indicated; (5) hold the patient for ten.days if 
possible. 


In larger wounds with external hemorrhage, pro- 
vided that amputation is not required because of 
the prolonged application of a tourniauet, the 
wound will have to be excised. If the arterial open- 
ing is temporarily sealed with clot or if the arterv 
is contused but still pulsating insufflate with penicil- 
lin and close muscles or fasciae over it and allow 
an aneurvsm to develop. This sounds very dangerous 
but do the results of primary ligation not justify 
the taking of risks? A clean cut opening in the 
artery should be treated by suture whether heparin 
be available or not and even if it narrows the 
artery. A narrow vessel is better than none at all. 


If the artery be badly lacerated ligation will be 
necessary unless it should be possible to adopt the 

“no suture method of venous grafting over vitallium 
tubes” introduced by Blackmore, Lord and Stefko. 
To be of any value this would necessitate the 
development of a vein graft bank and the use of 
heparin on the grand scale. 


If ligation has been carried out, 
loss fully 
beginning. 


and treat the limb for ischemia from the 


replace blood 
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SUMMARY 


(1) In extensive arterial wounds the “no suture” 
vein graft offers new possibilities of success, 

(2) If the wound has been explored and a clean 
cut injury found suture even without heparinisation 
gives better results than ligation. 

(3) Always examine wounds in the region of 
main vessels with care. Never excise them as a 
routine just because they are wounds. 

(4) Treat the arterial] haematoma conservatively in 
the absence of definite indications for operation. 

(5) Always examine such wounds with a stetho- 
scope before carrying out delayed suture and never 
explore them with the finger. 

(6) In all cases treat the limb as though it were 
ischemic. 

(7) Never operate on an aneurysm, except in 
emergency, until] all wounds are healed an.1 the 
collateral circulation has had time to develop. 

(8) Estimate the collateral circulation, and if defi- 
cient carry out some form of reparative surgery no 
matter how difficult it may be. 

(9) Examine the aneurysm with great care at 
operation lest any venous communication or branch 
vessel be missed. 

(10) Intrasaccular repair is a relatively easy and 
a very satisfactory operation in aneurrysma] varix. 
Never use the wall of a false aneurysm as a flap for 
direct repair. 

(11) Never excise the wall of a false aneurysm as 
it will only impair the collateral circulation and it 
is absorbed if left alone. 

(12) The indications for operation on an arterio- 
venous fistula are more often general than local. 
Never carry out proximal ligation. 

(13) Always remember that no matter what opera- 
tion you carry out it is only an important incident 
in the treatment. 


Here I leave the subiect in your hands for discus- 
sion but would like to conclude by reading you an 
extract from a ietter received after this paper was 
written from a senior member of the Vascular Sub- 
committee of the Medical Research Council—* If you 
could only get your forward surgeons to ausculate 
the wounds and if a murmur is present, not to ex- 
cise them, you would get many more aneurysms and 
fewer ligations in the forward area and therefore 
fewer amputations.” It may be that there is a place 
for the segregation of these cases in special forward 
centres in the same way as Neurosurgical and 
Maxillo-facial cases are treated at present. : 


IT should like to thank Brigadier Edwards for the 
interest he has taken in the formation of the special 
centre from scratch and for his help and encourage- 
ment. The work could not have been done without 
the generous help of the Resuscitation staff of fhe 
hospital and of the pathologist and anesthetist, and 
I should like to record by grateful thanks to them 
all for the extra work they have done. 


My thanks are due also to all those surgeons who 
have referred cases to the Field Centre and I have 
here a list of cases and if anyone wishes to ask 
further about their cases I shall be very pleased to 
answer queries at any time during the Conference. 


Brigadier Stammers.—Col, Mason-Brown’s paper 
has given us food for a great deal of thought and 
I think by the end of this meeting we shall have 
much clearer ideas, I will now call upon Major 
Clarke, 
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MAJOR BLOOD VESSELS 


Major RUSCOE CLARK, M.B.E., RAMC 


= 
Introduction 

The treatment of every significant wound of a 
major blood vessel includes: early exploration, clean 
excision of the injured portion of the vessel, and 
ligation or repair. 

It is my intention to give a brief account of my 
reasons for making so dogmatic a statement, 

The official “ History of the Great War (Medical 
Services — 1922)” included a number of rules for 
the treatment of vascular injuries, the fourth of 
which reads as follows: 

“When evidence exists that a large vessel has 
been wounded in the course of a track traversing 
the body or limbs, unless the conditions are favour- 
able it is not advisable to interfere primarily, if no 
signs of progressing hemorrhage are forthcoming, 
or if there are no indications that the vitality of a 
distal portion of the limb is becoming endangered. 

In all such cases, although an arterial hematoma 
and subsequently a false aneurysm result, yet the 
later treatment of either of these conditions in favou- 
rable conditions for operation is to be preferred to 
the risks attendant on a primary operation in the 
front line, ; 

It is obvious that the fourth rule is open to varia- 
tions under favourable conditions; but even if a large 
primary hemorrhage has taken place, an expectant 
attitude is better for both the immediate and remote 
nutrition of the parts supplied by the wounded 
vessel ”’. 

The problem facing the forward surgeon of today 
is essentially that of deciding how far this attitude 
still holds good and in particular what exactly con- 
stitute “favourable conditions ”. 


Complications of Vascular Injuries 

Before considering the specific problem outlined 
above, the rationale underlying the plea for early 
definitive surgery will be reviewed. 

Firstly, early exploration, with excision of all 
dead or damaged tissue, full hemostasis, adequate 
drainage and relief of tension, is in line with our 
re-established principles for the treatment of all war 
wounds, This constitutes the basis of our attempts 
to prevent infection in general and gas gangrene 
in particular. Variation from this procedure in the 
case of wounds. involving particular structures must 
be based on solid evidence that such variation is 
justified by results. 


Secondly, there are a number of specific major 
dangers associated with vascular injuries, the pre- 
vention and treatment of which consists, in my 
opinion, of adequate forward surgery, 

These specific dangers are: 

(1) Hemorrhage 

(2) Aneurysm 

(3) The effects of interference with the circulation. 

In the presence of adequate transfusion facilities 
and where technical difficulties are not insuperable, 
the best treatment of hemorrhage involves direct 
control of the source of bleeding, It is equally true 
that ligation of a cleanly divided vessel is unlikely, 


in the absence of infection, to be followed by 
aneurysm, The main controversy centres, therefore, 
around the best methods of avoiding the effects of 
circulatory interference, 

In considering the individual case all possible 
dangers must be considered simultaneously. In order 
more clearly to define the issues at stake, I shall 
briefly discuss the possible complications separately. 


(1) Hemorrhage 

The older classification into “ primary, reactionary 
and secondary ” is quite inadequate. Severe bleed- 
ing must be considered in terms of the exact local 
and general conditions that allow it lo occur, The 
classification adopted is used solely as a convenient 
method of discussing the present problem. naa 

(a) Primary External Hemorrhage. This | is 
initially the concern of those responsible for first 
aid, : 

Every patient who has sustained a severe primary 
external haemorrhage from a wound, must be re- 
garded as a candidate for priority surgery. 

(b) Primary Bleeding into the Tissues. The 
presence of blood clot and diffuse extravasation 
make adequate surgical exposure difficult, but these 
are the very conditions which produce tension, and 
predispose to infection and gas gangrene. Further, 
such tension exerts direct pressure on the collate- 
rals, and clot around the main vessels may be con- 
tributory to the onset of vascular spasm, 

The presence of tension in a limb is an ‘absolute 
indication for primary surgery, all the more so 
where damage to a main vessel is suspected, even 
in the absence of interference with the peripheral 
circulation. 

(c) Hemorrhage at Operation. Severe bleeding 
from main vessels may be encountered during wound 
exploration without any previous evidence of- major 
vascular involvement. It is especially likely to be 
dangerous and difficult to handle at the root of the 
limbs, 

(d) Delayed “Primary” or so-called “Reactionary” 
Hemorrhage. Bleeding coming on several hours or 
days after injury or operation may be due to an 
increase in blood pressure associated with recovery 
from “shock,” to a relaxation of arterial spasm, to 
excessive movement in a restless patient, to the 
added trauma of an ambulance journey, to the 
erosion of a vessel by a foreign body, cr very rarely 
to the slipping of a ligature. The greatest danger 
exists where operation has been performed and the 
site of a major vascular injury not discovered, When 
bleeding is stopped by packing it may start again 
when the packing is removed. 

(e) “Secondary Hemorrhage.” Bleeding result- 
ing from any of the factors described above must be 
distinguished from the classifical ‘ secondary 
hemorrhage ” associated with, and largely resulting 
from infection, 

(f) Hemorrhage from Aneurysm, Bleeding from 
rupture of an arterial hematoma may occur at any 
time. It is more likely where the lesion is placed. 
at the bottom of an unhealed wound. 
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(2) Aneurysm 

Up to the present time the fact that traumatic 
aneurysms can largely be prevented by effective 
primary surgery has been insufficiently stressed. 

It must be pointed out that the development and 
treatment of established aneurysms particularly at 
certain dangerous sites, is associated with a consi- 
derable risk of increasing interference with the 
peripheral circulation. This risk, involving the 
possibility of late loss of a limb, must be remembered 
in assessing the value of early exploration of arterial 
heematomata. 


(3) Interference with the Circulation 

Interference with the circulation following vascu- 
lar injuries may result in necrosis and tissue death 
ranging from the discoloration of the tip of a toe to 
gas gangrene of a whole limb. The effect on various 
tissues depends largely on the duration and degree 
of oxygen deprivation in relation.to local metabolic 
needs, Permanent damage to nerves may result from 
cutting off their blood supply for from 15 to 30 
minutes. 

Muscles are less susceptible, but after. 8 hours’ 
inschemia, contracture may develop, Skin can sur- 
vive 24 to 36 hours’ severe circulatory deficiency 
with a good chance of recovery. Tissue metabolism 
is increased by heat and movement, and decreased 
by cooling and immobilisation, 


The result of interference with the circulation in 
any given case will depend on a number of factors 


in addition to time and the requirements of tissue’ 


metabolism, These include: 
(a) Site of vascular injury 
(b) Extent and (duration) of interference with 
collateral circulation. 
(c) The pre-existent vascular anatomy 
(d) General condition of blood and circulation. 
Quite apart from: 
(e)-Pre- and post-operative treatment and 
(f) Surgery 
Differences of opinion still exist as to which of 
the main vessels may be safely ligatured. Grey 
Turner, discussing war wounds in the British 
Encyclopoedia of Medical Practice (Medical Progress 
1944), states (2). 


“There is now enough experience to guide us in 
saying that it is necessary to consider repair of the 
vessel wall by suturing, only in dealing with the 
common carotid, the common iliac, and the popliteal 
vessels ”. 


I would add to this the common femoral artery 
at the level of its bifurcation, Other surgeons report 
unfavourably on the chance of survival of a limb 
following injury to subclavian and axillary vessels. 

It is again worth stressing that anerobic myositis 
is a disease of devitalised muscle and that major 
vascular injuries frequently produce gas gangrene of 
a fulminating type. 


In considering the causation of gas gangrene as . 


of all the other effects of interference with the 
circulation following vascular injuries, the state of 
the collateral circulation is at least as important as 
the site of injury, It may be the chief consideration 
in treatment in forward areas, It is particularly 
important in the calf with reference to gas gangrene, 
and at the elbow and in the axilla with reference 
to ischemic contracture. 
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Collateral Circulation may be interfered with by: 

(a) Direct trauma as in a single massive soft- 
part wound or in multiple wounds. 

(b) Operative Trauma. 

(c) Extenston of thrombosis: This is most dan- 
gerous where a main vessel is contused or lacerated 
at the level of vital collateral branches. 

(d) Embolism. In addition to the spread of 
thrombosis from the site of injury, further circula- 
tory inadequacy may result from embolism originat- 
ing from this thrombosed area. This risk will be 
minimised by early ligature of both ends of vessels 
after removal of injured segments, 

(e) Pressure form continue bleeding or serious 
oozing into confined undrained fascial spaces, or 
when packing is used to arrest bleeding, is an addi- 
tional factor affecting the functioning of the 
collateral circulation. 

(f) Spasm: The role or arterial spasm in 
increasing the danger of circulatory deficiency 
following vascular injuries has become increasingly 
recognised in recent years in connection with 
ischemia and gangrene following closed fractures. 


Until recently spasm has been regarded as one 
of the essential parts of the mechanism for the 
control of bleeding from major blood vessels. A 
study of the histology of cross sections of large 
arteries that have been divided and have ceased 
to bleed spontaneously, suggests that where the 
vessel is damaged by a missile no such clear cut 
process as we had imagined takes place and that 
often thrombosis alone, without either spasm or re- 
traction of the intima, results in arrest of heemor- 
rhage. 

Cohen (3) makes it clear that the part spasm plays 
in circulatory deficiency is still incompletely 
understood. 

There is no evidence of a clear-cut sympathetic 
reflex arc that can be broken by attacks on the 
sympathetic, and the results of novocaine injections 
and sympathectomies of various kinds are difficult 
to evaluate. 


Barnes and Trueta (4) produced spasm in their 
experimental animal spreading even to involve the 
opposite limb, by application of a tourniquet. They 
were unable to get evidence of any ‘constant effect 
of sympathetic block. nes 


Spasm, local or widespread and varying in dura- 
tion undoubtedly results from arterial trauma. We 
do not know exactly what is the mechanism produc- 
ing it. It appears to be relieved clinically by various 
types of procedure ranging from the division of an 
overlying layer of fascia to resection of a segment 
of injured artery. Too little is yet known of the 
results of operative intervention for spasm, however, 
for any firm conclusions to be drawn, 


Many surgeons adopt a conservative attitude in 
certain types of vascular lesions, In some injuries 
to main vessels, particularly with a lateral tear, the 
circulation through the vessel may be maintained 
in the presence of an arterial hematoma. It is possi- 
ble that where the “ dangerous sites” are affected, 
there are cases where conservative treatment allows 
collateral circulation to be established before 
thrombosis is complete or secondary interference 
for aneurysm required, There are undoubtedly other 
cases where early exploration and ligature give the 
best chance of survival of the limb. In all cases the 
risk of infection and gas gangrene after inadequate 
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exploration must be born in mind. I cannot see how 
we can know in advance which method of treatment 
is likely to give the best result in an individual case. 
It is generally agreed that surgery is indicated 
where there is already evidence of circulatory defi- 
ciency beyond the lesion. The presence of a good 
peripheral pulse and full movement is, however, no 
certainty that spasm or thrombosis will not produce 
gangrene later. 


The final appeal can only be made to the results 
actually obtained, which, however, are as yet not 
forthcoming in this war. Meanwhile, as doubt exists 
as to the best treatment, it would be logical to eva- 
cuate hematomas, relieve tension, and excise dam- 
aged vessel segments, 


A further argument put forward against the gen- 
eral advocacy of radical surgery in these lesions is 
that the operations themselves are frequently dan- 
gerous and technically difficult. Surgeons have at 
times been forced to compromise by packing wounds 
to stop hemorrhage without dealing directly with 
the vascular injury, This procedure reproduces most 
of the original conditions of tension and lack of 
drainage, which forward surgery seeks to avoid and 
thereby invites sepsis and secondary hemorrhage. 
The easiest time to carry out a proper exploration 
and secure bleeding vessels is at the original opera- 
tion, 


I have seen recently two cases of severe ischemic 
contracture following the arrest of venous bleeding 
in the axilla by packing, where it was clear that 
the incision was inadequate to allow full access to 
the site of bleeding. 


There are undoubtedly, circumstances where the 
general condition of the patient and the anatomical 
set-up make packing the only method of saving life. 
The use of packing must, however, be regarded only 
as a last resort. 


Technical Difficulties. 


The alternative procedure advocated involves full 
exposure and review of the damage to the vessels. 
This will be followed in most cases by resection 
of the injured portion of the vessel and gentle liga- 
ture of the cleanly divided ends. 


Whenever possible these operations should be 
completed or at least begun without a tourniquet. 
Firstly, because the tourniquet. may further endanger 
an already imperilled circulation; and secondly, 
because with a tourniquet in place it is more difficult 
to distinguish between viable and non-viable muscle. 


It is essential that the incision should be adequate, 
for its length is of no great concern, now that 
delayed primary suture has become an established 
routine. It should not traverse flexion creases at 
right angles, as this predisposes to a crippling scar. 


In most cases it is possible to use some modifica- 
tion of the classical exposures of the main arteries. 
These, however, are much easier in theory than 
in the presence of large quantities of extravasated 
blood, The key stage of the operation is the divi- 
sion of the fascial layer immediately covering the 
vessel. In many cases the hole in this fascia traver- 
sed by the missile will act as a guide, and this can be 
rapidly enlarged with blunt-pointed scissors by feel 
alone, even where active bleeding is taking place. 
It is hopeless to attempt to find the bleeding vessel 
until this fascial covering is adequately divided, 
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When this has been done, it is frequently possible 
by the use of digital pressure over a swab in the 
corner of the wound to control bleeding sufficiently 
to get a view of the nature and site of injury. The 
vessel can then be separated from adjacent nerves 
and fascial attachments before resection and ligature. 


Only if such methods have failed to allow 
visualisation or where bleeding is dangerously 
severe. should a tourniquet be applied. Even then, 
it should be taken off as soon as possible. 


Suture Material. 


For ligature of large arteries, I have found size 60 
thread to be completely satisfactory, preferring it 
to catgut. Ligatures of large vessels should be tied 
gently so as not to cut into the vessel, The use of a 
relatively fine cotton, thread or silk makes it impos- 
sible to tie too tightly, I have used a single tie of 
this same material for all forward amputations and 
have never had any cause to regret it, 


These general remarks can best be amplified in 
terms of lesions at special sites :— 


The Calf. The posterior tibial vessels are probably 
more commonly injured than any other vessels in 
which a wound may be dangerous to life. Injuries 
to the calf are notoriously liable to develop gas 
gangrene, particularly where primary surgery is 
inadequate or delayed much over 12 hours, Calf 
injuries with any degree of tension or external 
bleeding are now regarded as surgical priorities. 


The initial practical difficulty is that of deciding 
whether or not any formal exposure of the. posterior 
tibial vessels is indicated. Where the wound is 
placed posteriorly in the midline such formal ex- 
posure may be obtained by enlarging the original 
wound. Where the wound or wounds are placed 
more laterally a decision must be made at an early 
stage as to whether adequate exposure can be 
obtained by an elongation of the incision necessary 
for preliminary exploration. If this is considered 
impossible, a fresh incision should be made and the 
deep vessels exposed along classical lines. In no 
case is it wise to look for the posterior tibial or 
peroneal vessels by ploughing through muscle, and 
the fascial plane deep to the soleus must be defined 
before the main muscle mass is divided, In the 
absence of signs of circulatory inadequacy, pulsat- 
ing hematoma, severe external bleeding, blood clot 
in the wound track or an unusual degree of swel- 
ling, adequate wound toilet may be possible without 
formal exposure of the main vessels. The above 
conditions, however, are absolute indications for 
visual examination of these vessels, 


In the upper part of the calf it is frequently 
difficult to decide whether the injury involves the 
popliteal vessels or their terminal branches’ or 
tributaries. Both may be injured simultaneously 
some distance apart. Extensive division of jndi- 
vidual muscular branches at this level may result 
in ischemic contracture or gas gangrene without 
division of the main vascular trunks. Care must be 
taken to avoid further injury to significant vessels 
that have escaped injury. 


Finally the anterior tibial vessels may be the 
only source of bleeding into the popliteal fossa. 
Exposure in the region of the foramen above the 
interosseous membrane can be difficult. Deep pack- 
ing at this site may interfere with circulation 
through a previously intact posterior tibial vessel. It 


is at this level, moreover, that the anterior tibial 
& 
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vessel is likely to be damaged in association with 
a fracture of the upper end of the fibula. The best 
approach is from the outer side of the limb by 
resecting the upper end of the fibula and retracting 
the peroneal nerve, This is simpler than temporary 
dislocation of the divided upper end of the fibula 
advocated by Fiolle & Delmas (5) and preferable to 
the method suggested by Henry (6) which involves 
deliberate division of a sheaf of vessels in the 
anterior compartment, I have seen one case where 
gas gangrene limited to the anterior group of 
muscles followed the overlooking of an injury to 
the anterior tibial artery at this level, 


Popliteal Vessels. 

Surgical approach is usually relatively straight- 
forward. Vertical incisions across the flexion crease 
must be avoided and oblique or Z-shaped incisions 


substituted, Where it is uncertain whether the 
injury involves popliteal ‘or lower femoral the 


oblique posterior-medial approach. described in 
Hamilton Bailey’s War Surgery (7), which enlarges 
by division of fascia or muscle the hole in the 
Adductor Magnus, gives an excellent approach. 

There still exists widespread pessimism about the 
chance of retaining a limb after damage to the 
popliteal artery. It was asserted at a Middle East 
conference (8) a few years ago that preservation of 
the limb was almost unknown after ligature of this 
vessel in forward areas. I have personally ligatured 
three popliteal arteries in forward areas with no 
subsequent suspicion of vascular insufficiency. 
Clearly the outcome is dependant on a number of 
factors, but I am convinced that adequate early 
exploration and definitive treatment of the vessel 
lesion gives a better chance than any policy of non- 
intervention. 


Severe interference with the circulation may 
result here as elsewhere from injury to the vein 
alone where the popliteal fossa becomes full of blood 
under tension, 


The Root of the Neck. 

One of the most dangerous sites of vascular 
injury is the root of the neck where common 
‘arotid, or subclavian arteries and their main 
branches may be involved, Here again a large 
hematoma may result from venous injury alone. 
Given adequate transfusion facilities I believe these 
injuries should be explored in forward areas with a 
view to definitive control of the site of bleeding. 
This cannot be done in the lower part of the neck 
with any degree of safety with the clavicle in 
position, The most rapid exposure is obtained by 
resection of the inner half of the clavicle, rather 
than by previously advocated methods involving 
its division and preservation of the reflected por- 
tion with muscle flaps. Resection is particularly 
necessary where a comminuted fracture overlies a 
large arterial hematoma. The clavicle should be 
removed if possible before the haematoma is 
disturbed. 


In the Upper Part of the Neck severe vascular 
injuries are often associated with injury to pharynx 
or trachea and a trachetomy under local anesthesia 
may be necesary before the operation is begun or 
any form of anesthesia started, Passage of an intra- 
tracheal catheter may otherwise be followed by 
uncontrollable hemorrhage and immediate asphyxia. 
Cases of the type are seldom fit to evacuate, and 
their only hope of survival may depend. on bold 
primary surgery, 
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Superior Gluteal Vessels. Wounds of the buttock 
are dangerous from many points of view, Here 
again, where during the course of a wound explora- 
tion, a deep hematoma or severe bleeding is 
encountered, every effort must be made to visualise . 
the source of the bleeding and control it by ligature. 
In order to do this it will usually be necessary to 
split _ fibres of the gluteus maximus along their 
length. 


Even when full exposure is obtained of the site 
of emergence of the gluteal vessels from the greater 
sciatic notch, it may be discovered that the vessels 
have been injured inside the pelvis. It is tempting 
under such conditions to resort to packing. This, 
however,. may merely hide the fact that bleeding 
into the pelvic cellular tissues and retro-peritoneum 
is uncontrolled. I have seen one fatal case where 
death resulted from such bleeding from a divided 
superior gluteal vessel. Ligature of the internal iliac 
has little effect owing to the free anastomoses across 
the pelvis, Where packing is temporarily successful 
the problem will be no easier to cope with if bleed- 
ing recurs. Direct exposure of this region from above 
is almost impossible in the male, and likely to be 
complicated by venous bleeding from internal iliac 
plexus, It might be wiser in such cases to attempt 
direct exposure by resection of a portion of the 
sacrum as in the Kraske operation for conservative 
resection of the rectum, 


Internal Mammary Artery, This vessel is liable to 
be damaged in wounds near the sternum or costal 
cartilages. Severe intra-thoracic bleeding may result . 
in a hemothorax that is difficult to control by 
aspiration, or a troublesome external secondary 
hemorrhage later may require a difficult operation 
across a septic granulating wound. 


It is now generally recognised that wounds of the 
chest wall should be excised as thoroughly as 
wounds of the limbs, No exception should be made 
in cases where the sternum or cartillages are 
involved and a damaged internal mammary should 
be ligatured during the course of this procedure. 


Ancillary Methods of Treatment. A’ number of. 
adjuvant methods are often used, the value of which 
remains’ questionable. _ 

(1) Ligature of the vein accompanying a damaged 
main artery as first proposed by Makins, I cannot 
see that increasing venous pressure in the tissues 
can possibly have any prophylactic value. Ogilvie 
maintains that the same effect may be obtained by 
posture, I doubt if the effect is really desirable and 
suggest that a moderate degree of elevation of the 
affected limb is more rational, 


(2) Antispasmodics: Various substances like 
Papaverine have been used in an attempt to counter 
the effect of vascular spasm, but there -is but little 
to commend them. 

(3) Sympathetic Block and Operations upon the 
Sympathetic: These are based on the theory that 
vascular spasm is due to a reflexly induced hyper- 
activity of the sympathetic. There is no direct 
evidence of any such reflex, There is accumulating 
evidence that the sympathetic can produce both 
vasoconstriction and vasodilatation in the same set 
of vessels, and varying effects at the same time in 
different vessels, dependent on pre-existent local 
conditions and central nervous activity. 


The chief available clinical evidence is that sym- 
pathetic block can induce cutaneous vasodilatation. 
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It is possible that this results in a shift of the 
available blood into the cutaneous circulation and 
increases the threat to the less resistant muscles. It 
is extremely difficult to judge clinically the effects 
of sympathetic interference, and I believe that until 
we know a lot more about the whole matter we 
should abandon such procedures, 


(4) Heating of the involved limb is mentioned 
only to be dismissed. Warming of the unaffected 
limbs has been suggested as a means of obtaining 


retraction of spasm in the affected one, but I am - 


very doubtful if this occurs, 


(5) Splitting the Fascia: Where tension is actually 
present, decompression by fascial splitting is indi- 
cated, I am not convinced of its value where no 
tension exists, 


(6) Evacuation: If the military exigencies allow, 
cases of vascular injury should be held in forward 
areas until the period of danger has passed, 


Conclusion 


In view of the nature of the technical difficulties, 
it is easy to understand an inexperienced surgeon 
adopting a conservative attitude to severe vascular 
injuries where immediate surgery is not obviously 
demanded. In certain situations, such as the neck 
or axilla and where there is no evidence of peri- 
pheral circulatory inadequacy, there is no harm in 
waiting even a number of hours if in this way 
better facilities or a more experienced surgeon can 
be available. Given full transfusion facilities, good 
lighting, X-rays and a surgeon with reasonable 
ability to deal with injuries of this kind there is no 
reason for not operating on all these cases in for- 
ward areas, 


It requires, however, much more than ee eX- 
perience of any single surgeon to produce final 
proof of the correctness of this statement. If we 
consider, for example, only the vascular injuries at a 
single site, innumerable variables make crude 
statistics valueless, Study of large groups of cases 
observed under modern conditions is required. It is 
particularly necessary to have details of the extent 
of the original injuries and the exact nature of the 
operation performed, Nothing short of the detailed 
study of the work of a whole army in action over a 
period of months can begin to provide any answer. 
In awaiting such a study under modern conditions 
I suggest that the treatment of all vascular injuries 
be brought into line with the treament of all other 
wounds, i.e., that full operative exploration, with 
removal of dead and non-viable tissue, hemostasis, 
relief of tension and drainage where necessary be 
regarded as the objective, Such definitive surgery 
to be carried out in the forward areas and followed 


by minimal evacuation, slight elevation and cooling | 


of the limb, and careful observation and note taking. 


Reconstructive Surgery 

So far I have not entered into any discussion of 
the place of reparative surgery in these major vas- 
cular injuries. Reports in the British literature of 
cases of primary arterial suture have been. disap- 
pointingly few, although a number of attempts have 
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been made by individuals with varying degrees of 
success; Even in the absence of heparin it would 
appear probable that a number of fnbs could be 
saved by end-to-end suture in injuries at certain 
sites, The more frequently full exploration is carried 
out, the more often will the opportunity for suture 
arise. It may be absolutely indicated where popli- 
teal, external iliac or common carotids are divided 
and there are signs of peripheral circulatory failure. 
Where distal pulsation is present or warmth and 
movement of a limb are normal, it must be realised 
that there are risks attached to suture that may be 
minimised by ligature, If thrombosis does occur 
rapidly at the site of ligation it may spread to 
involve functioning collaterals or give rise to 
emboli, 4 


Where the circulation is already threatened and 
substantial defects are present in the injured main 
vessels, other methods for temporary restoration of 
continuity may be worth employing. Those sug- 
gested include venous grafts and vitallium tubes 
lined with venous grafts. 

Without suggesting the suturing of every divided 
main vessel, I believe that the possibilities of 
primary reparative e surgery should be born in mind 
by all forward surgeons. 


Summary 


A plea is made for full exploration and excision 
of damaged tissue in all injuries to major blood 
vessels. A large proportion of aneurysms and 
hemorrhages will be completely avoided. The dan- 
gers of gas gangrene will be decreased considerably 
and, in my opinion, the chance of survival of the 
limb will be increased. It is felt that the somewhat 
cautious attitude advocated by those who sum- 
marised the history of the last war should be 
revised, The favourable conditions mentioned in my 
opening paragraph include full transfusion arrange- 
ments, good lighting, adequate nursing and X-rays. 
These should exist at the advanced operating centre 
or casualty clearing station, and exploration must 
be carried out in every case at this level. 
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Brigadier Stammers. 

We have now heard a surgeon from forward areas 
giving identically opposite views from those of the 
opener. I will now cal] upon Major Erasmus. 
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THE PROBLEM OF WOUND EXCISION IN THE TREATMENT OF 
VASCULAR INJURIES 


Major J. F. P. ERASMUS, SAMC 


During the past six months or so 587 limb wounds 
(exclusive of wounds of the hand and foot) have 
been operated on at the 8 (S.A.) C.C.S. About two- 
thirds of these reached the C.C.S. as Priority 3’s. 
Table I indicates the incidence of arterial lesions in 
this series, and also includes, for the sake of com- 
pleteness, 30 wounds of the neck. 


s 


TABLE I 
Major Arterial Injuries 
. 7 No, of No. with No with amputation for 
Site or Woupa Cases | Arterial Injury | Arterial and Other Injuries 
Delto-Scapulo 
Pectoral 73 1 (1.4%) 0 
Upper Arm. . . 74 2. (2.7%) 1 
Boreatm- 2:4 92 7 (7.6%) 0 
iighs-27 2s A 5 165 7 (4.2%) 2 
Popliteal Region. 34 6 (17.6%) 2 
1 7 i ede ar 149 17 (11.4%) 2 
Total Limb. 587 40 (6.8%) 7 
(Excluding hand 
and foot.) 
BNO Sie res) Tene 30 2 


A number of limb wounds have exhibited arterial 
lesions associated with other gross injuries, such 
as very extensive muscle, bone and nerve injury. In 
this group the vascular lesion has given one, though 
only one, of the indications for amputation, These 
cases need no further mention. 


Let us consider the remaining 35 cases. In one 
case the patient, a sepoy, came to the operating 
room with a cold, pulseless upper limb and a 
through-and-through wound of the upper arm. 
Wound excision and exploration revealed a state of 
spasm in the brachial artery. Periarterial sympa- 
thectomy was performed, the radial pulse became 
palpable eight hours after operation and the patient 
was evacuated 36 hours after operation with an ap- 
parently normal circulation, I have seen six similar 
cases in the past, some months after injury and they 
have all exhibited some degree of ischemic con- 
tracture; five involved the brachial artery and one 
the popliteal. I feel that if something had been done 
for these cases in an earlier stage they might have 
been spared much misery, These soldiers were all 
wounded in the Western Desert and Alamein battles, 
and at that time the “ official”? policy seemed to be 
to leave lesions alone if possible. It is well to bear 
this in mind. 


TABLE II 
Arterial ligatures (34 cases) 
GROUP A GROUP B 
As Life-Saving Operation As part of Wound Excision 
| st with | With 3h 
Artery Total | Muscle | Joint With 
No. |Damage| Injury | Fracture 
‘Subclavian . 3 0 — —_ —- 
Radial or ulnar . 0 6 1 1 3 
Radial and ulnar. 0 1 1 0 0 
Femoral. . 0 5 5 0 0 
Popliteal . 1 8 2 2 0 
Anterior or posterior 
iri |) ae areca ae tat Se 0 14 9 0 5 
Anterior and posterior 
CADIS iawn ca eanciae | 1 1 0 1 
| 
Total 4 | =30 19 3 9 


We are now left with 34 arterial injuries treated 
by ligation, with or without planned decompression. 
The first indication for ligation is an immediate or 
early attempt to save life. Severe, active hemorrhage 
obviously calls for ligation. In the present series 
only four such cases were encountered. In one the 
third part of the subclavian artery was tied with 
success, two other soldiers with subclavian artefial 
tears died on the table. In one case severe heemor- 
rhage (internal) necessitated life-saving ligature of 
the popliteal artery. 


We now find that in 30 cases (Group B of Table I) 
there was no immediate indication for ligaturing 
arteries. How did they come to be tied? The story is 
more or less the same in every case. Wound excision 
is carried out on a limb, which may or may not ap- 
pear swollen, the deep fascia is split and slit up, 
and then, or when muscle excision is commenced, 
there is a gush of blood which washed away clot 
and torrential hemorrhage follows. There is now 
only one thing that can be done, the bleeding must 
be stopped, and this involves tying the artery. 


The question that now arises is an important one. 
Should we leave these limbs alone? This must surely 
depend on a number of factors: on the extent of 
muscle damage, on the presence of joint and bone 
injury. An analysis of the present series has shown 
that in only eight cases have there been no asso- 
ciated serious injury to these structures, It must 
surely also depend on the vessels involved. There 
can surely be little harm in tying one of the arteries 
of the forearm or leg—there may be harm done if 
a growing haematoma compresses the second majn 
artery. Having to tie both is a grave matter, and here 
I wish to mention the case of a through-and-through 
wound of the leg in which wound excision by 
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another surgeon ended up with ligation of the 
anterior and posterior tibials. | amputated the leg 
36 hours later. 

When it comes to tying a single main vessel the 
matter becomes a serious one. ‘the popliteal is the 
real bugbear,:and the series contains One popliteal 
hemorrhage encountered during the course of 
wound excision and with relatively little muscle 
damage and no joint involvement, 

Unfortunately, we have no means of assessing the 
amount of muscle injury in a limb until we see the 
muscle. Bone injury we can detect by X-ray. Joint 
involvement can be assessed from X-rays. So that if 
we do not excise wounds in the presence of major 
vascular damage we may leave behind a large mass 
of devitalised muscle which can do no good. The 
site of the wound in relation to the position of the 
M.F.B. may help in assessing the probable extent of 
muscle injury. 

If there be no bone or joint injury, and probably 
no serious muscle injury, it may be advisable not to 
excise a wound when one of the arteries (certainly 
of the principal single arteries) is injured. The case 
may do better if we allow the hematoma to develop 
into a traumatic aneurysm. 


This requires :— 

(1) Holding at least at C.C.S. level for perhaps a 
week or ten days. 

(2) Constant alertness in guarding against a 
second severe hemorrhage. 

Discussion 
Major McDowell. 

On the night of 4th June this year I was tempo- 
rarily attached to an operating C.C.S. On that evening 
some vascular injuries came under my immediate 
care, I will describe three cases to give an idea of 
the type of work which confronts us, The first case 
was a wound of the leg just above the knee. Entry 
wound was on the lateral side and there was no exit. 
There was no posterior tibial pulse. The limb was 
cold, and in my opinion the wound needed to be 
explored. Obviously the popliteal vessel was injured, 
so I did not follow up the wound track, but made an 
incision in the midline at the back eight inches long 
down to and including the calf, to remove the blood 
clot. I may say I had a tourniquet ready if necessary. 
When I removed the last clot, arterial haemorrhage 
gushed forth, I had to tighten up the tourniquet. 
The nerve as intact and the vein was intact, but 
the popliteal artery was completely severed. I ob- 
viously had to ligature it. Contrary to what we have 
heard this afternoon, I put the limb with about 30 
degrees flexion of the knee-joint in a Thomas’ 
splint. I put the man to bed, allowed the limb to be 
uncovered by bedclothes, and put him on a five-day 
course of parenteral penicillin. On the fifth day the 
case had to be evacuated. Since coming to this meet- 
ing, one of the surgeons from the base hospital 
tells me that delayed primary suture was done on 
that limb, and the limb, as far as he knows, is all 
right. I maintain that you have to explore the wound 
to find out what the damage is, and to relieve ten- 
sion. A second case was that of a_ through-and- 
through wound of the left shoulder, The wound was 
full of blood clot. The question was: should I leave 
it alone or not because the radial pulse had gone? 
The limb was not very cold, but colder that the 
other arm, The wound track went in front of the 
humerus towards the axilla, obviously in the line of 
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the axillary vessels. Arterial haemorrhage started, 
and was rather severe. I put on a tourniquet and 
digital pressure was applied to the subclavian 
artery. I had great difficulty in finding a tear in the 
artery, so I did a proximal ligation of the third 
part of the axillary artery just below the clavical. 
I then took my finger off the subclavian to see what 
would happen, and no bleeding took place. I ex- 
cised the entrance wound, took out the missile, and 
eventually sent him to the vascular centre. I re- 
ceived a reply a week ago stating there had been 
slight sepsis, but the shoulder had healed within 
three weeks, after having been sutured. A third case 
was of a wound of the leg which had severed the 
anterior tibial artery. A track had gone downwards 
shattering the fibula. The foreign body was then re- 
moved. I ligatured the artery and excised most of 
the damaged muscle, left the wound wide open, and 
gave him a five-day course of parenteral penicillin, 
and he did well. These three cases illustrate the type 
of problem you get in forward areas, I cannot claym 
to know enough about vascular surgery to say any- 
thing except that vascular lesions should be treated 
early, for in that way you are much less likely to 
get gas gangrene. 


Major Rob. 


Having recently returned to the base from a for- 
ward area, I have seen both ends of the problem, I 
would like to mention two points, Firstly, Major 
Clarke says that gas gangrene is bound up with the 
conservative treatment of hematoma. I know few 
factors more likely to produce gas gangrene than 
arterial ligation. Secondly, the selection of cases for 
conservative treatment. I can remember several 
cases of small wounds on which I operated and was 
confronted with torrential] hemorrhage as a result 
of the operation, and ligated the artery. I now know 
that I could have treated these cases conservatively 
and let an aneurysm develop with the result that the 
patient’s limb would probably have been saved. 


Major Cleland. 


I have been faced on many occasions with these 
problems as a forward surgeon dealing with serious 
vascular lesions. I agree heartily in general with 
what Major Ruscoe Clarke says. I say specifically 
“in general,” for I feel that in the type of vascular 
injury we see, it is necessary to explore in a large 
proportion of cases. It is often the case that when a 
vessel is found to be completely divided, a large 
area of thrombosis extends considerable distance. 
Certain cases have spasm—pure spasm. I would not 
be prepared to say whether I am right or not, but I 
tend to the view that thrombosis is likely to follow 
that spasm, I have also seen penetrating wounds of 
the popliteal fossa which I have treated. by explora- 
tion and ligation, which in view of what Colonel 
Brown has said, I would now be prepared to leave 
alone, I think nobody can lay down specific rules 
as to what is to be done in these cases, and in view 
of the excellent results which are being obtained 
as a result of conservative surgery in the type of 
aneurysm which has been described, we should be 
more alive to the possibility that certain wounds can 
be dealt with conservatively. The decision will often 
be difficult and we may do wrong, but I think we 
should bear in mind that those cases described have 


on the whole been relatively small wounds. 


I just want to say a word about decompression, I 
had an interesting observation in relation to an 
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Italian caught up in a cement-mixing machine. He 
sustained a fractured humerus and crush injuries, 
and his arm was pulseless. I explored and found an 
area which was contused. I removed that area and 
I proceeded to divide the fascia in much the same 
way as advocated by many people. Within four 
minutes of doing that, my orderly announced with 
great glee that warmth was returning to the hand. 
I have noticed pale swollen muscle in the fore-arm 
regain colour and literally regain contractility be- 
fore my eyes. 


Col. Lichtenstein 

I want to express appreciation for the invitation 
to attend these meetings. 

This discussion on vascular surgery has been very 
interesting. In connection with the two interesting 
papers, one by Colonel Mason-Brown, the other by 
Major Clarke, it appeared to me that they were not 
so opposed to each other as they seemed to indicate. 
It has been my experience in seeing injuries to ves- 
sels that patients with popliteal injuries, or injuries 
to the other vessels, were sent back under the cate- 
gories of either chance or design. By chance, I mean 
injuries to vessels overlooked at the time of original 
injuries to the limb. These are small holes one does 
not seek for, small wounds that do not require ex- 
tensive exploration. Characteristic signs do not 
develop until several days have elapsed. These are 
picked up and sent to general hospitals in the rear, 
and operated on at a time when no danger to the 
vitality of the limb exists. 


The second type being sent back to the rear are 
classified in my opinion as sent back by design. 
This group shews the presence of arterial injury, 
but the limb does not demonstrate any evidence of 
having the blood supply impaired. There is no ten- 
sion, no swelling and not much tenderness. The 
patient is kept in a forward hospital for several days 
for observation to rule out the prospect of any 
occurrence of gangrene. These patients are ade- 
quately immobilised and sent back to the rear. On 
the other hand, some patients demonstrate evidence 
of tension in the limb. Where there is a prospect 
of further damage occurring to the limb by reason 
of internal hemorrhage we explore. 

The reason for my first remark on the two papers 
is that I don’t believe that the two officers were 
really describing the same type of case. If both had 
been looking at the same cases, it is very likely 
that both of them would have come to the same 
conclusion, and that the indications for immediate 
exploration as they were presented by Major Clarke 
would have been used by Colonel Brown. 

In this discussion I was hoping that something 
would be said about carotid arteries. I have had 
experience of six cases of injuries involving: the 
carotid. It would be interesting to learn what the 
incidence of injury to this artery is. I am hoping to 
- get some information from Colonel Brown on that 
subject. 


Major Benison 


I would like to disagree with my friend Major 
Rob who said that ligation is one of the main causes 
of gas gangrene. The problem is often a large hema- 
toma involving muscle which 
affected by gas gangrene, and this gives rise to fill- 
ing up a form which we all wish to avoid! I think 
it wrong to say that ligation of the artery is the main 


is likely to become 


cause of gas gangrene in a large number of cases. 
There is obviously a middle course we ought to 
pursue in the treatment of arterial injuries, but I 
know the last speaker was a little wrong in saying 
that both Major Clarke and Colonel] Brown would 
treat the same case in the same way. Clearly there 
is a middle course where some cases can be left and 
some dealt with in the forward areas, but it is 
obviously better to be measured for an artificial 
limb than to be measured for a coffin. 


General Mitchiner : 

Speaking as one of the discredited surgeons of 
the last war, I have some experience of vascular 
surgery in the forward areas of Yugo-Slavia, 

In regard to immediate surgery, I would say that 
in my experience any limb which is devitalised 
where the pulse is not palpable needs forward sur- 
gery in every case. When we do that surgery, we 
want to make an incision three times as long as we 
think we are going to need. 


If the wound has to be packed I think the surgeon 
had better revert to gynaecology or psychiatry, and 
secondly, he may just as well amputate that limb 
straight away as to try and arrest hemorrhage by 
packing. Incidentally, in these -cases of arterial 


wounds no one has mentioned the persistently rapid’ 


pulse of 100/120, which in the absence of gas gan- 
grene always indicates a leaking artery. . Where 
there is leaking, I have no hesitation in saying liga- 


tion is indicated. 


When I returned after the last war I was able to 
follow up several cases on which I had done repair 
operations. Several had had thrombosis, but had all 
good results. I think if you follow up repair opera- 
tions very carefully for five or six years, you will 
find that a certain proportion, perhaps 50 per cent, 
develop recurrent aneurysms, and this is due partly 
to the fact that they don’t rest long enough after 
operation. I think if you return these men to duty 
within three months, your patients, and after all we 
exist for our patients, will be sorry. I advocate a 
much longer rest, and remember that men in B.7 
category do have to march two miles. « 


Major J. Shoreston 
Regarding injuries to the carotid artery, I have 


had three tears of the carotid artery in the cavernous - 


sinus, In these I have ligated the vessel twice, and 
both patients survived without neurological signs. 
In the third patient we did not suspect injury of the 
carotid artery, and. he died on the 12th day from 
subdural hemorrhage, A further six patients with 
hemiplegia had very extensive bruising and injury 
of the vessels and other structures of the neck. One 
had a very superficial foreign body which had 
penetrated the sternum and come out again, but had 
torn the interna] carotid. In five of these six patients 
hemiplegia was present from the time of the wound, 
and in one it came on on the fourth day after the 
wound. This patient died after an epileptic fit. 
Other patients have been seen who had hemiplegia 
but no tear of the carotid, and three of these patients 
came to post-mortem. 


In these missile cases with torn arteries I excised 
the injured vessel and they made very good reco- 
veries. I think my experience in this very small 
number of cases rather bears out what one had 
thought about carotid ligation, and that is, that the 
fact of occlusion of the internal or common carotid 
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depends very much on the general condition of the 
patient, and his systolic blood pressure; and the 
C.S.F. condition. If the general condition is low, 
as it often is in a patient with a severe wound, 
hemiplegia is likely. Again, if intra-cranial pressure 
_is high, hemiplegia will follow ligation of the caro- 
tid artery. I think that it is important before embark- 
_ ing on operation on the carotid to restore blood 
pressure by suitable transfusion, If the site of the 
missile does not directly communicate with the 
carotid, one’s incision should. be planned so that 
one can deal with the torn vessel if necessary, 


Brigadier Stammers 


It does seem from this discussion that there is 
need in forward areas for a reconsideration of the 
problem of wounds in the region of the popliteal 
artery. I still think that the vast majority will re- 
quire ligation, for the fear of gas gangrene dictates 
very largely what the forward surgeon does. There 
will be a few where the site of the wound of entry 
indicates that no large muscle mass has been dam- 
aged, and it may be right to treat these conserva- 
tively under constant observation — there must be 
no question of evacuating them. We require more 
experience with vein grafts and vitallium tubes 
before being able to decide their value. Finally, 
Major-General Monro has an announcement to make. 


Major-General Monro 


At the risk of trying your patience, I am taking 
you back to 1916 before making the announcement. 
It seems amazing what progress has been made in 
surgery. We started the last war without any real 
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apparatus for blood transfusion, apart from the 
direct method, It was not until 1916 that I saw 
blood transfusion given. That was given by members 
of the Harvard unit, Two American officers came 
over and produced a Kimpton’s tube, a cylindrical 
thing you may have seen in a museum, to force the 
blood in, Leading from that, I would like to tell 
you of an interesting incident which occurred a 
little later the same year, I happened to be surgeon 
on duty. A message came in to say that the young 
son of one of our most famous physicians was on — 
his way in, seriously wounded. The patient duly 
arrived, completely unconscious, We had no donors, 
and I was sent round the tents with a hurricane 
lamp to see if I could get somebody who would give 
blood. The first man more or less told me to go to 
‘that place’. The next said he didn’t hold with it. 
Finally I rudely awakened a great big good-natured 
Yorkshireman, He seemed a good subject, and when 
I put it to him he said, “Tl give the lad some 
blood.” We put him on a stretcher, wheeled him 
along to the theatre, and the transfusion was begun. 
The patient was given 500 to 1000 cc. He completely 
recovered consciousness and was able to talk, There 
was a severe wound of the chest. He was nearly 
out, but the good-natured Yorkshireman provided - 
more blood. Unfortunately the patient had a massive 
heemorrhage into the pleural cavity and died, When 
you think of the amazing strides that: have been 
made in this war you will welcome the announce- 
ment I am able to give you now. At long last, and 
if this passes the last hurdle, the transfusion officers 
are to be graded as specialist transfusion officers. 
It is a fitting tribute to a very fine service. 


M 


Friday, 16" February, 1945 
MORNING SESSION 


Subject: SHORT PAPERS 


Presiding : 


Major-General Stayer, Surgeon 
Mediterranean Theatre of Operations, United States Army 


Brigadier Edwards 


Major-General Stayer, whose presence here is a great compliment to us, has 
kindly consented to take the chair. : 


Major-General Stayer 


It is a great privilege to stand before you and take part in this meeting, 
and I appreciate this more than words can tell. At this part of the meeting I 
don’t think I should take up any time. The first paper this morning is by 
Lt.-Col. Rodgers. 
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GAS GANGRENE 


by 


Lt.-Col. H. W. RODGERS, O.B.E., RAMC 


Last November, Brigadier Edwards gave me the 
opportunity of going to AFHQ to look at the A.Fs. 
1.1241 that had accumulated during the previous 
vear, . 
Making the 3rd of September, 
landings on the Italian Mainland, the starting point, 
I read carefully through each form, and I have 
prepared rather a lot of figures for you to look at. 

First of all let me give you some gross figures. 
There were 312 forms, and on the whole they were 
filled in with great care. The gross mortality was 
about 43%, and of the 312, 278 appeared to be cases 
of myositis, and it is to these cases of myositis that 
I want to confine my remarks, 

I think I can be of most service to you by taking 
the form as it is, and going through it line by line 
and telling you what you have reported, laying 
particular emphasis here and there on evidence 
which seems to be at variance with the classical 
description of the disease. 


the date of the 


TABLE I 
No. of Cases. Percentage. Evac. Time 
General Hospital 145 52 3.3 
CES: - - ELS 42 1.6 
Field Ambulance 8 a 1.0 
FDS. - - 8 3 1.0 
276 


Now coming to the top line of the form. Table 1 
shows that 52% of these cases were reported from 
general hospitals, where the diagnosis was first 
made. and which they have reached on an average 
of 3.3 days. after wounding. One would have ex- 
pected more from forward units, but it so happens 
that the conditions of battle and beach-head that 
most favour the development of gas gangrene also 
distract the surgeon’s attention from the filling in 
of these and other army forms. Indeed, one negligent 
surgeon working for a while in the Salerno beach- 
head left no less than six cases unrecorded, but 
later, he recorded most of his cases after becoming 
Officer in Charge of the Surgical Division of 69 (Br) 
General Hospital. Such negligence among forward 
surgeons is fortunately rare, but it does indicate 
that these figures are an under-estimate as far as 
the forward figures are concerned, 

With the figures in paragraphs 2 and 6 we can 
calculate the incubation period, 

TABLE II 


Incubation Period 

Recovered Died Total 
Ist Day - - 30 19 49 
2nd Day - - 33 Dik 60 
3rd Day . - 31 30 61 
4th Day - - 14 19 oo 
5th Day - - 16 6 22 
6th Day - - 4 5 9 
7th Day - - 4 3 7 
7th Day + .- . 7 15 24 


Table II shows that quite a large number occurred 
after the third day, There are two stages 
development of gas gangrene of muscle. First, the 
preparatory stage in which damage of the muscle 


in the- 


‘is produced, 


damage enough to allow the second, 
or the invasive stage, to take place. If the prepara- 
tory or muscle destruction stage is accomplished 
by the missle itself, the disease will come on early, 
but, the initial damage to muscle and blood supply 
may not be sufficient, and it may be left to sepsis 
to produce the required degree of muscle damage 
which detonates the gas gangrene many days after 
wounding. I think it would be healthy modesty on 
our part to regard all those cases. occurring after 
the fourth day as our failures, and please notice that 
the late general hospital cases are about as lethal as 
the earlier cases. . 

In line (i) of paragraph 3 you have usually stated 
the missile causing the wound and I have nothing 
of interest to tell you about that. 

Diagram I shows ,the anatomical distribution of 
the muscle in which the gas gangrene began, 104 
leg, 93 thigh, 33 buttock, 12 forearm, 4 upper arm 
and 17 shoulder. The lower part of the columns 
shows the mortality rates in Hectedtsthe The solid 
black illustrates those dying from gas gangrene, and 
the vertically shaded part,’ those dying of other 
causes as well, such as severe visceral wounds of 
the head, chest, or abdomen, as sepsis, and as 
ureemia (after the infection has been controlled). I 
shall return to these renal cases, 


“TABLE IIT 


Degree of. Laceration Number of Cases 


Slight - = = i - “ “ 29 
Moderate - - - - - = 18 
Extensive “ & - - iS - 44 
No Information - - re - etl 9 

TOTAL 100 


Table III shows the degree of laceration that 
occurred in a hundred consecutive cases, 29 had 
slight, 18 moderate and 44 severe lacerations, In 
9, the space was left clear. You will note that in 
47% the muscles were not severely damaged. The 
degree of laceration had little effect on the course 
of the disease, 

TABLE IV 


Leg Cases 
With Fracture - - - - 45 
Without Fracture - - - Vi 
No’ Information - - . - 30 
Foot Injury - = - - 2 
TOTAL 104° 


Table IV shows that in 104 cases, 45 had a frac- 
ture of the long bones. 


TABLE V 
Number with Injury to Main 
Vessels - - - - 44 15 59 
Number with no Injury to 
Main Vessels - - - 28 14 42 
No Information - - - 3 ~— 3 
TOTALS 70 29 104 


Table V shows that in 104 below knee cases, 5% 
had an injury and 42 had no iniury to a major 
vessel. The mortality rate was not materially dif- 
ferent in the two groups, 
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TABLE VI 
Number with Prolonged Application of 
Tourniquet or Tight Plaster - - / 
Number without Prolonged Application 


of Tourniquet or Tight Plaster - - 77 
No Information - - - - - ,c au 
TOTAL 104 


Table VI shows that in 7 cases the plaster or a 
tourniquet was blameworthy. Surgical intervention, 
which is paragraph 4 in the 1940 model but para- 
graph 5 in the 1941 model, has yielded little that 
can be expressed statistically. The degree of the 
excision, which was adequate to prevent gas gan- 
grene, cannot be estimated from the entries that you 
make here. 


Tasie VII 


Leg | Thigh 
ie ; i Totals 
Recovered Died Recovered Died 

Conservative Surgery. 21 4) ae oF 8 
Amputation. . . | 66 24 | 14 27 | 120 

Conservative and Am- | 
PULRTION ses 4 4 1 4 13 
No Information. . . 1 1 — — 2 
Torars | 81 $8°° | 42 68 | 214 


s mrs 


Table VII shows how often you were conserva- 
tive in your surgery and how often you amputated 
in the leg and thigh cases, but what it does not 
show is your firm conviction, expressed so often in 
paragraph 10, that: adequate ‘surgery produced a 
quick and obvious improvement jn the patient’s con- 
dition. The table shows that amputation has a 
higher mortality than conservative treatment, but it 
does not give any idea of the severity of the patient’s 
condition at the time of amputation. Now, while 
amputation is often life-saving, I would like to add 
without comment that 3 of my own cases, and 
several that you have reported, have died immedi- 
ately after a major amputation. 

Now, coming to prophylactic treatment, As I am 
dealing with cases of gas gangrene, I cannot tell you 
how many cases you have prevented by serum, sul- 
phanilamide or surgery, but all we can do is to see 
if the giving of serum or sulphanilamide can delay 
the onset or, more important, reduce the mortality. 


Tasie VIII 


0-24 hrs | 25-48 hrs | 49-72 hrs | 73-96 hrs 


Adequate Pro Serum 


(16,500 or more). . 8 17 20 10 
ING tscplaene ss axed, sete 16 13 12 7 
Tora 24 30 32 17 


a 


ee ee eee 


on 


ee 
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Table VIII shows little significant alteration in 
the incubation period, except on the first day, where 
we see that fewer cases had received serum, but this 
can be accounted for by the fact that a few cases 
had acquired the disease so soon that the first dose 
could not be counted as prophylactic, 


TaBLe IX 


ne te ee eR HS SS tt 


| Adeqnate Prophylactic No Prophylactic 
‘Anatomical Region | Serum Given i Serum ¢ Given he 
| Died Recovered Died Recovered 
EIS ations, 24 9 17 
mre vimn ge Se", | 18 mt) 15 14 
ToraLs a ener” pe 31 


Table IX shows that no dramatic alteration of 
mortality rate is produced by prophylactic serum. 


TABLE X 


Sulphanilamide by mouth - - 7 
Sulphanilamide by mouth and locally - — 
Sulphanilamide locally - - - - 8 
No. sulphanilamide - - - - 15 
No information ~° - - - a 50 

TOTAL 100 


‘Table X shows that in 50 per cent of cases no 
information was given about prophylactic sulphanil- 
amide—a pity, because it would have been interest- 
ing to know its effect—but all the statisicians will 
allow these figures to do is to show us how remiss 
we have been in filling up the form, 


The clinical description of the case has been, 
from the nature of the form, inadequate. I have 
summarised, in a series selected at random, your 
description of the pain, pallor, toxeemia, tempera- 
ture, pulse, smell, mental condition, crepitus and 
‘swelling of the part, but I have comments on only 
three of these that might interest you. (1) All 
descriptions of the disease emphasise the pain that 
ushers in the disease, but you have mentioned pain 
in only 17 per cent of cases, (2) In 60 per cent of 
the cases you have commented upon the mental 
condition and in 50 per cent it has been incoherent, 
disoriented, apathetic, drowsy or comatose, while 
only in 10 per cent has it been the state of alertness 
or anxiety so often described..(3) Gas has been felt 
in 93 per cent of cases and only in 2 per cent have 
you failed to give information on the point. 


TasiLe XI 
a & S 
&|8/|8 |\$8\8 |ssiesa 
=|3| 2 23] § fesse 
5) S S 5) 29olgos 
4 po oS Case rt a=|5 a= 
Si ele less lege oe 
el a) © AR] o |Qa sar 
Leg BS alt Be fei reas Totals 
s a|ai|s 
eiSsigia|#2i/s| eg 
Spots os 3s So hag: | eo 
alg o| a8 | oo} My 2 | as 
Bijan n)* | o]o | om 
& a A 
ee: lal eae 0 a 8 
yeele ead erg act Ar > Oud | 15) 73 
Died G.G. Le ttt BP dba ayo | 9g 
ted | | } | : 
Dicer ph cd se A Be ge os eG ee 
_ | 
mas 3] | - 
Toran | 36) 5) 32) 6 20 | — | 5 104 
| | 


121 


Taste XI (continued) 
e xa 
&|/S8 |3 |\88| S \$alees 
=l/5/3 |€3| 8 |$s\88e 
2/8 |8 /838i & igsage 
B/E | 8 |2e| 4 |Selces 
| om 2 Am 2 AR ne 
Thigh & Buttock — |. |— Totals 
% = a= a Bay 
#/S8|/e)/812/2/] B48 
Ss iogl s 3 Cy © Ss 
Silgsio|S)/2),4)] ag 
wm 
Niani ninioloeoi} ¥a 
5 Fi Feed = 
E2128 # [26 [ 8 7 8 
ROCOVETCE. oe Feiwel 4 eee 
nao ee 2}/—{21| 5|12/—} 10] 64 
1éa 
OP oS ae eee Papal 
Toran | 30} 9/49} 8/18] 4] 11 | 124 


Table XI shows the influence of penicillin and 
serum in treatment, and considerable explanation 
of the chart is needed. 


(1) Full penicillin treatment is defined as peni- 
cillin given at the rate of 15,000 units, three-hourly 
for 36 hours or more, 


(2) Full serum treatment is a dose of 49,500 units 
or more repeated at least once, 


(3) Inadequate serum is something less than that 
and it has usually been very much less. 

(4) Desperate penicillin is penicillin given in a 
desperate effort to save the patient’s life, but before 
it could be expected to act, the patient died. I have 
followed Jeffries and Scott Thompson and others in 
taking 36 hours as this period, during which you 
could not expect the penicillin to act fully, This 
assumption takes some explaining and I will return 
to it in another chart, but for the moment please 
accept it as a working basis. 

(5) Desperate serum takes a bit more explaining. 
Now I have assumed that at a certain interval be- 
fore death from gas gangrene nothing can save the 
patient, I have further assumed that that interval 
was six hours, so that any serum given within six 
hours of death is set so impossible a task that it 
‘cannot be blamed for not producing the cure, and 
so they are excluded from the calculations and 
shown in a separate column. 

(6) “G.G.” stands for gas gangrene, and in this 
column are shown cases dying of gas gangrene. 

(7) “O.C.” means “ other causes ”’—here such as 
severe visceral damage which contributed materially 
to the patient’s death, and which 1t seems wise to 
leave out of account in assessing the value of this 
therapy. 


(8) Another explanation required is for the ab- 
sence of any mention of surgery in this chart, If 
you will allow me to make the big assumption that 
the quality of the surgery did not vary with any 
of these forms of treatment, then we will be able to 
proceed to examine these figures, May I direct your 
attention especially to the top two rows of figures. 


In the leg—you will notice that of 39 cases who 
received penicillin and survived long enough to 
have a full course, none. died of gas gangrene, 
whereas of 25 who did not have penicillin, six died 
in spite of adequate serum, A roughly similar pro- 
portion died who had neither penicillin nor serum. 
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Thus of the 19 cases in column 5 that had neither 
serum nor penicillin only four died. Notice also the 
large number that died of other causes. 


In the thigh—you will notice the same advertise- 
ment for penicillin: 30 -survivals and two deaths, 
whereas without penicillin 50 per cent die. But 
notice that without either penicillin or serum, 12 
die out of 13. 


We might conclude from that, that penicillin is 
of great value and serum of moderate value, But that 
in the thigh, the omission of serum therapy is 
dangerous. 


Let me emphasise again that I am assuming that 
these cases had adequate surgery, and I believe the 
great majority of them did, 


There remains this difficult business about the 
36-hour period. We could argue that any case sur- 
viving 36 hours would live whether he had peni- 
cillin or not. 


1G aul XII 


Interval Without Penicillin With Penicillin 

in hours 

between 

diagnosis 

treed leg Thigh | Total Leg Thigh | otal 

0-12 

hours 2 4 6 2 3 5 

12-24 

hours rei 5 5 2 ad 4 

24-36 

hours & 3 7 1 1 - 
Over 

36 hours 4 10 14 ae t 1 

ToraLs 10 22 82 5 vf 12 


In this chart (Table XID, however, you see that 
of the fatal cases—and all of these are fatal cases 
15 died more than 36 hours after diagnosis and that 
only one had had penicillin, In fact, you may reduce 
the period to 24 hours and the proportion remains 
at 3 to 21. However, in the early phases the figures 
are roughly equal and this forms our base line for 
the comparison of the striking change seen in the 
last line. 


Good wine needs no bush, and those who have 
seen the dramatic effects of penicillin in gas gan- 
grene know that penicillin needs no statistics. 
Indeed, I almost feel like saying the principles of 
treating gas gangrene are to cut out the diseased 
muscle and keep the patient alive until penicillin 
can cure it, 


‘ 


Bacteriology 


The bacteriological results show nothing new or 
interesting, 

In the post-mortem records, two things emerged: 

1. The lungs in the great majority of cases showed 
either gross oedema and congestion or broncho- 
pneumonic changes, This is a change commonly 
produced by toxins that damage the vascular endo- 
thelium, From the therapeutic point of view, I 
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think it indicated that more attention should be 
paid to the chest, including the use of oxygen. 


2. The kidneys nearly always show some ‘swell- 
ing or congestion, and what is rather alarming but 
of interest is that in 16 cases that died after the 
clostridial infection was under control, the majority 
had some evidence of severe renal damage, both 
ante- and post-mortem, The precise nature of this 
damage is uncertain, but it appears to be rather 
like the acute destruction of the convoluted tubules 
seen in: severe shock (as described by Colonel 
Mallory), also in the crush syndrome, and in certain 
necrotizing nephroses, such as mercuric chloride 
poisoning and the toxemic kidney of concealed 
accidental hemorrhage. 


Coming now to paragraph 7 (iii), Transfusion :— 


The entries here were obviously difficult to assess 
and I have found it impossible to discover three 
things which would have been of interest to know. 


(1) The relation of massive blood transfusion to 


’ progressive hamo-concentration in the acute phases. 


(2) The relation of massive saline infusion to the 
almost invariable pulmonary oedema from which 
these patients suffer. (3) Somerof the cases that oc- 
curred later: developed their gas gangrene on top 
of a severe septic anemia that might possibly have 
been corrected by timely and liberal transfusion.. 


The neglected septic cases are a good breeding 
ground for gas gangrene, This is a well-known fact, 
but lapses in practice have occurred. 


Conclusions 


The position as a whole is not too good, and what 
can we do about it? 


As a whole we can hardly hope to improve on 
the present very efficient evacuation in the forward 
areas, 


Prophylactic serum is widely and conscientiously 
used, but its value is very doubtful. 


The standard of surgery is already high. 


Penicillin is of obvious value when the patient 
survives long enough for it to be used, 


Early treatment of septic cases along known lines 
will improve the position; but the very infrequency 
of gas gangrene constitutes its greatest danger and 
requires the greatest vigilance in its prevention. 

Finally, gentlemen, if any of you becomes a Free- 
man of the City of London, you will be given a 
little red book entitled “ Rules for the conduct of 
life”. It was written as long ago as 1738. Part of. 
Rule 3 is applicable to the subject of gas gangrene: 


“The man who thinks wisely and discourses 
judiciously is never to be excused if his practice 
... is not answerable to his thoughts and words.” 


DISCUSSION 


Major Eagles 


I have examined a series of 104 cases of gas gan- 
grene from the bacteriological aspect, These have 
mostly been cases that I have followed clinically as 
well. The incidence of the clostridia in gas gangrene 
is much the same as it was in the last war. When 
one discusses the bacteriology of gas gangrene, it 
is essential to be sure one discusses the bacteriology 
of true gas gangrene, and not merely the dirty 
wound part of it, As is to be expected, almost all 
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wounds of the dirty type are solidly infected with 
“gas gangrene organisms. Many of these never get 
beyond that stage if surgery is adequate. The true~* 
gas gangrene organism is found in the spreading 
infection itself. Sometimes there are more than one 
of the gas gangrene organisms present even in the 
advanced stage of the infection, but in my series 
66 per cent of the cases were of Welchii alone, 14 
per cent were of septique and 9 per cent «edematens. 
A number of the ones that had double infection 


123 


showed a culture of Welchii in about 20 per cent 
of the cases, I think that is very much the same as 
in the last war. It seems there are many strains of 
Welchii. Some do not produce toxin at all, others 
produce strong toxin. It is worth noting that 
clostridium Welchii is the most: susceptible to 
penicillin, and cedematen the least susceptible, so 
that the number of deaths in penicillin-treated cases 
may very well be due to oedematen infection, which 
does throw the picture of penicillin out of focus. 


PRIMARY SKULL CLOSURE WITH ACRYLIC PLATES 


by 


Major J. SHORESTON, RAMC 


In a number of head wounds a_ skull defect 
remains the only disability. To the patient it affords 
evidence of the severity of his injury. It may impose 
restrictions on his normal activities, and it will 
reinforce a pre-existing tendency to avoid taking 
physical risks. These psychological factors not in- 
frequently serve to make a relatively trivial injury 
into a major disability, particularly if the patient’s 
friends and relatives concur with him in regarding 
a skull defect as a very serious matter. These and 
cosmetic considerations make it desirable that skull 
defects should be covered at an early opportunity; 
if it can be done at the first operation the patient 
need never become aware that his skull has been 
penetrated. In military practice the need for return- 
ing patients speedily to duty provided an additional 
incentive to make us attempt the possibility of 
primary skull closure. 


Even in the pre-penicillin era the results of 
neurosurgical operations were sufficiently free from 
sepsis to make, the idea of primary skull closure 
appear possible. The further reduction in infection 
rate due to penicillin encouraged us to put the idea 
into practice. With the help of. the late Major 
T. H. H, Wilson, A.D.C., and his technical staff, a 
method was worked out which has now been used 
in 48 patients, 

The material used was acrylic resin as supplied 
for dentures by a number of firms. Eight stock sizes 
of plates are made in the usual manner. Of these, 
one type is quadrilateral; the sizes used are 3.5 x 4, 
4° 4-ems. 4 <x 5 cms; and 4°: 6 cms, The other 
type is round, with diameters of 4, 4.5, and 5 cms. 
Each plate is slightly curved and should be between 
1.5 and 2 mms thick, Perforations are made over 
the whole surface of the plate; about six should be 
along the margin. 


The operative steps before the insertion of the 
plate do not vary from the usual routine. Whilst the 
surgeon is engaged in securing final hemostasis, a 
plate of a suitable size is selected from the stock and 
put into boiling water for five minutes. It is wrapped 
in gauze, as otherwise it is difficult to find in the 
water. It is handed to the surgeon as soon as it 
comes out of the water and whilst it is stil] hot 
and slightly malleable. Its edges, and particularly 
the corners, must overlap the bone defect; they 
are firmly pressed down and moulded to the con- 


‘the centre of the exposed dura 


tour of the skull. If, after the first attempt, the fit is 
regarded as unsatisfactory, the plate can be boiled 
again and its shape modified. In order to prevent 
the plate from assuming its original shape it should 
be cooled with saline whilst pressure is still being 
applied to it. The marginal perforations are next 
threaded with waxed silk, each strand in its turn 
threaded onto an eyeless needle and sutured to the 
fringe of periosteum which surrounds the bone 
defect. If opposite corners are secured in succession 
the plate will not be pulled too much on one side. 
If a self-retaining retractor is used to keep the skin 
edges apart, its pull should be loosened before the 
plate is sutured in order to relax the periosteum. 


Heemostasis must be meticulous, for a hematoma 
is here, as elsewhere, a potential cause of sepsis. 
Troublesome bleeding from under the bone edge can 
be most easily controlled by taking a stitch through 
and two of the 
central perforations in the plate. When this suture 
is tied, it not only provides additional anchorage 
for the plate, but by pulling the dura up against 
the bone edge, it acts as a hemostatic suture. 


In about half the cases a local sero-sanguinous 
effusion occurred. In some, the swelling was tense, 
and the fluid has to be aspitated on_ several 
occasions, These wounds did not become infected, 
and after 10 to 14 days the effusion subsided with 
or without aspiration. 

Sepsis occurred in four patients. The wounds 
which had originally healed by primary union, 
began to show signs of inflammation towards the 
end of the first week, These four wounds broke 
down, discharged pus, and the plates were taken 
out. With local penicillin therapy they healed in 
a matter of days. In all cases, the infection remained 
superficial. The sepsis rate of 8 per cent in these 


‘ases is the same as occurred in comparable cases 
when no plates were introduced. 

TABLE I 

Type of Wound Total Cases Infected 

Missile wound, dura torn - 25 1 
Missile wound, dura intact - 17 3 
Compound fracture, dura torn - 2 () 
Compound fracture, dura intact 4 () 

ToTaL - 48 4 
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Thirty-three cases in this series were operated on 
over six months ago; none of them hag _ since 
returned to us with wound infection. Twenty-eight 
of the thirty-three have gone back to duty, mostly 
in a lower category for three months, 


On an average, the introduction of an acrylic 
plate increases the operation time by ten to fifteen 
minutes. During battle periods even this brief delay 
makes it necessary that the method should be used 
“only in entirely suitable cases. The principle of 
selection which we have adopted is that we repair 
the skull defect only when the patient shows no 
neurological disability, or when the disability is so 
slight that it may be expected to prove transient. 
In practice, it means that the cases are recruited 
from those whose dura has remained intact, and 
from wounds which affect a silent brain area, Of 
27 cases in whom the dura was torn, the frontal 
area was affected 19 times, the occipital lobe five 
times; in two cases the temporal lobe and in one 
the parieta] area were injured. 


TABLE II 


Tupe of Wound Frontal | Occipital | Temporal | Parietal 
Missile wound, Dura 
MOU ca ede tar ily¢ 5 2 1 
Missile wound, Dura 
(CODA Vel eed ae eee Rae dane 8 3 1 iene 
Compound fracture, 
‘eure. COIs | as. k 4 2 0 0 0 
Compound fracture, 
Darasintacts i) se -.. 1 | 1 0 2 
Tora ee 9 43 8 
(58%) | (19%) | (6%) | (17%) 


There is no lower limit to the size of the bone 
defect which makes it unnecessary to cover it. In 
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practice, a proper removal of depressed bone never 
leaves an opening less than 2 to 3 cms in its 


~longest diameter, and a defect of that size may 


worry the patient even if it is in the hairy scalp. 
Bone defects of more than six centimetres in the 
longest diameter are rare in patients whose neuro- 
logical state makes them eligible for immediate 
skull repair, unless the wound chiefly affects the 
forehead. We have not used the method in the large 
forehead defects, since an accurate fit is difficult to 
obtain with preformed plates where the contour 
of the bone is complicated. Another deterrent has 
been the increased likelihood of infection when the 
frontal sinus was opened. A _ large skin defect 
which is difficult to close without tension has been 
another contra-indication, 


The advantages of the acrylic plates as we have 
used them are obvious enough if they are compared 
with autogenous bone grafts. We have used skull 
outer table, and chip grafts from the ilium at the 
first operation, but these procedures prolong the 
operation so much that they can only be used in 
selected cases, The healing of the wound and the 
cosmetic results seemed to be no better when bone 
grafts were used, Yet, I must confess that I feel that 
the method I have described is a makeshift one. 
Although the results have been good so far, I cannot 
feel happy at the thought of putting foreign material 
into the body, and if time and opportunity offered I 
would prefer to put in bone chips. I regard the 
method as the best under the conditions of war 
surgery when one has to deal with a large number of 
cases, and no more. 


In conclusion, it may be said that we have found 
acrylic plates suitable as a cover for medium-sized 
bone defects at the first operation, particularly if 
the wound involved the hairy scalp. Only patients 
who may be expected to return to duty have been 
so treated. The early sepsis rate was no higher than 
in wounds into which no.acrylic was introduced. 
The possibility of later complications remains, but 
it is unlikely that, if they occur, they will cause 
other than superficial sepsis. 


Lt.-Col. RYCROFT, O.B.E., RAMC 


It is instructive to look backwards over past 
“campaigns and to note how changing methods of 
warfare have influenced the ophthalmology of war. 
Amongst the many problems which the military 
ophthalmologist of today is called upon to face 
none is more interesting, nor more difficult, than 
that of the non-magnetisable intraocular foreign 
bodies which result from mine explosions. 


At the beginning of this war our military con- 
ceptions were forced to change from those of static 
warfare and’ trenches to those of mobility and 
mechanisation, The enemy was not slow to realise 
that in mine warfare he had a potent weapon of 
defence under these conditions, and he exploited 


this weapon to the full in Italy, where natural 
barriers have also assisted him. 

With mines came multiple penetrating wounds of 
the eyes caused by fine stone particles, and hard 
upon these there followed gross infection of cornea, 
anterior chamber, iris, lens and anterior vitreous. 

It is a truism that the nature of intraocular 
foreign bodies often reflects the fortunes of an 
Army. In ‘retreat they are more commonly mag- 
netisable from shell casings; in resistance, mortar 
fragments and nickel bullet casings are found, but 
in advance mines give rise to the majority of them. 

At one time 70 per cent of all penetrating wounds 
of the eyes in a Base Ophthalmic Wing were due to 
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mines. The mine which has been responsible for 
most of these eye wounds is the Schu Mine 42, 
which in principle consists of a container of wood, 
glass or perspex and which is actuated by an 
igniter of bakelite or brass. The latest patterns 
consist almost entirely of non-magnetic material. 
The common lesion which this anti-personnel 
- weapon produces is the loss of one or both feet of 
the man who treads on it, with penetrating wounds 
of the eyes of nearby comrades, There is often no 
other serious damage beyond splattering of the face 
and neck with stone particles. 


A blind man is as much a casualty as a dead man 
and far more of a liability to an attacking army. 


The local effect of these injuries to the eyes is 
intense pain and photophobia which lasts for many 
weeks, along with considerable swelling of the lids 
(blast oedema). Tiny grit foreign bodies come to lie 
at all depths of the globe, They infiltrate and pene- 
trate the cornea in several places and produce a 
resistant purulent infiltration; in the anterior 
chamber, there is hypopion; in the iris, there are 
holes and iritis; in the lens, there is cataract; and 
in the anterior vitreous, where they finally ter- 
minate, deep infection is set up. 


The end result is plastic iritis, cataract 
secondary glaucoma, producing blindness from 
shrinkage or loss of the eyes; al] this because of 
tiny particles which elsewhere in the body are of 
no account, 


Having appreciated the magnitude of this menace 
we set to work to review our methods of coping 
with it. It would appear that 40 per cent of all 
mine cases are preventable in that they occur under 
circumstances where the eyes would have been 
saved had there been some sort of protection avail- 
able. Such instances are when clearing known and 
unknown minefields, booby traps in houses, in 
rescue work and at demonstrations. Men have been 
blinded on all these occasions. 


In the last war eye vizors attached to the steel 
helmet had been sponsored notably by Sir Richard 
Cruise. The objections then made were that rain 
obscured the graticules of the steel mesh work, that 
when the helmet was blown off so was the vizor, 
that the field of vision was restricted, and that the 
men felt strange in them and could not wear them. 


In Italy a perspex vizor which is attached to the 
face like an anti-gas eyeshield with tapes has been 
devised, This vizor weighs 24 ozs and is capable of 
resisting mine blast at close range; it also allows 
of a full field of vision. Two hundred vizors were 
sent up to the Armies before Florence for an opinion 
as to their practicability in actual battle. The reply 
was that, with modifications, such protection would 
increase morale and save sight; they recommended 
their provision, Accordingly the vizors were 
modified to prevent optical distortion and sun- 
glint and are now being issued in quantity to 
. selected troops. 


There is no intention of a general issue to every- 
one, These vizors are primarily designed for 
special troops such as assault, pioneers, sappers and 
so on, whose job it is to live and work amongst 
mines. 


The next step in dealing with mine injuries of 
the eyes was to educate general surgeons at field 
surgical unit level in the preliminary measures to 
prevent infection. Brigadier Stammers spread the 


and 
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gospel of the cleaning of the skin of the lids, the 
cutting of lashes, removing loose foreign bodies, 
instilling atropine in every eye injury and _ pro- 
tecting penetrating wounds adequately. 

Close at hand was placed a mobile ophthalmic 
unit with a skilled ophthalmic surgeon, a trained 
team and full equipment. Here prolapses were 
excised, intraocular foreign bodies dealt with, 
conjunctival flaps sutured in place and, most 
important of all, penicillin was applied to the 
wounded eyes. 

Thus, eyes were made travel-safe and could be 
safely despatched by air, road or sea to a base 
ophthalmic wing for more deliberate treatment. 
These large base ophthalmic wings offer every 
modern refinement for the care of wounded eyes. 


As a result of experience the treatment at base of 
deep infection which follows on mine wounds has 
crystallised as follows :— 

(1) Local penicilin is continued either by drops 
(1,000 units per c.c.), by ointment (2,000 units per 


gramme, lanette wax), by powder or by subcon- 
junctival injections (1,000 units per minim). 


Parenteral penicillin has not been found to be of 
great value, 

(2) Chemotherapy consists of 
sulphathiazole or sulphadiazine. 
particularly of value where the vascular parts of 
eye such as the uveal tract are involved and 
especially when there are concomitant infected skin - 
wounds. 

(3) Non-specific protein 
to boost sulphonamide’ treatment. Intra-venous 
T.A.B.. vaccine is employed in doses of 50-70 
millions and this remedy is of great value when 
hypopion or iritis is present. 

(4) Penicillin has come to be regarded by the 
ophthalmologists in this theatre as a prophylactic 
rather than a curative measure, 

Experiments have shown that in local use penicil- 
lin is compatible with all common drugs used in 
opththalmology and that for conjunctivitis,. sebor- 
rhoeic blepharitis and the sterilisation of the con- 
junctival sac it is supreme. For corneal ulcers it is 
not quite so valuable unless secondary to conjunc- 
tival infection. 


With the aid of Majors Facey and Cunningham, it 
was possible to show by experiment that parenteral 
penicillin did not reach the aqueous or vitreous to 
any great extent, and it is clear that in deep intra- 
ocular infection this route has not produced very 
beneficial results, 


Also, opinions are divided as to its value when 
injected directly into the chambers of the eve. It is 
possible that it may check infection, but since the 
products of such infection remain, blindness. still 
ensues, 


Subconjunctival injections offer great promise as 
they can be brought into use early and this is the 
route we are now busily pursuing. Penicillin is 
so readily diffusible that there is litthke doubt the 
depths of the globe can be reached by these means. 


To conclude I offer this summary as representing 
the combined experience of C.M.F. ophthalmologists 
in their efforts to check blindness from infected 
eyes due to mine wounds :— 

(1) Attempts to prevent some of these wounds by 
the use of anti-mine vizors. 


full courses of 
These drugs are 


shock therapy is used 
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(2) The education of general surgeons at field 
surgical unit level in the preliminary appreciation 
and care of eye wounds. 


(3) The provision of skilled surgeons and mobile 
ophthalmic units at forward “bottle neck” 
casualty clearing stations, 


(4) The routine use of local penicillin in every 
case of penetrating wound of the eye as early as 
possible. ; 

(5) Rapid air evacuation to a base Ophthalmic 
wing. 

(6) Routine sulpha therapy, protein shock and 


continued local penicillin along with skilled sur- 
gery by men of mature experience, 


Major-General Stayer 


Thank you for a very interesting paper. I would 
like to know if Air Commodore Lyle would like to 
offer a few. remarks, 
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Air Commodore Lyle 


I would like to congratulate Colonel Rycroft on a 
most interesting paper, I have not very much to 
add to it, except to say that in my experience cases 
of mine injury are extremely difficult to treat, and 
the results are far from satisfactory. Therefore it 
would seem that the most important thing is to try 
to prevent injuries of this sort. I cannot help feeling 
that this vizor which Colonel Rycroft has _ intro- 
duced will go a long way to preventing many of 
these injuries if universally used. The main diffi- 
culty is to get men to use appliances of this sort 
when they have so much other equipment to carry 
about. The final result of these cases of mine injury 
is, on the whole, I think, not a satisfactory one, but 
I am sure that penicillin has gone a long way to 
preventing and combating infection, 

I think Colonel Rycroft is to be congratulated on 
his organisation of the work in this theatre of war, 
and the most excellent team work that he has with 
all his specialists. I have been most happy to be 
associated with him. 


paisa. 


THE TREATMENT OF WOUNDS INVOLVING THE TEMPORAL BONE 


Lt.-Col. W. A. MILL, RAMC 


Wounds involving the temporal bone are seen in 
varying: degrees of severity. The size and shape of 
the missile and its velocity are, of course, of obvious 
significance. So also is the direction of its passage 
into, or through, the bone, The temporal bone is 
very different in structure in its different parts. The 
squamous portion is thin, and missiles readily pene- 
trate the skull here, The petrous portion of the bone 
is much thicker, and as the mastoid part of it con- 
tains, in most cases, either air cells or diploetic 
bone, a missile will often pass through or into it 
without causing much surrounding disturbance or 
damage, Penetrating wounds of the skull are not 
often seen in the mastoid region. It may be that 
in some cases such wounds are immediately fatal 
from damage to the brain stem, but it is likely that 
the thickness of the bone and its structure cause 
the missile to slow up and stop in most cases. I 
may mention that a missile is more likely to ‘do 
serious damage if it approaches the head from the 
side. Damage to the lateral sinus is sometimes seen 
and rarely to the internal carotid artery. The 
jugular bulb may be damaged. The facial nerve 
often suffers and labyrinthine function is often 
destroyed. C.S.F, otorrhoea is not uncommon, and 
this is a complication that causes considerable 
anxiety, A small foreign body may enter the cochlea 
by way of the external auditory meatus and C.S.F. 
otorrhoea may result from such a wound. 


The following two cases illustrate that the tem- 
poral bone may be involved in wounds without any 
serious result :— 


(a) An officer admitted to hospital recently for 
another wound asked that his ear might be 
examined, Some months previously he had been 
near a shell-burst when something had hit him just 
behind the ear, with the result that he was knocked 


down. There was a little blood behind his ear, but 
he did not bother about it (except that a day or two 
later his ear was syringed because he felt slightly 
deaf), No aural symptoms persisted, X-ray examina- 
tion disclosed a metallic foreign body in the mas- 
toid. There was no reason to remove it, and it was 
left. 

(b) Just a week or two ago an operation was 
undertaken for stenosis of the external auditory 
meatus resulting from a through and through gun- 
shot wound sustained six weeks previously, which 
had passed from the cheek to an exit wound over 
the mastoid, In the course of the operation it was 
found that the outer surface of the mastoid had 
been guttered and loose fragments of bone were 
found. There was no sign of bone infection. 


Such cases of guttering of the temporal bone and 
through and through wounds, passing from _ the 
check to the mastoid region, are not uncommon. 
A number have been seen which have healed with- 
out any operation. Some of them, of course, suffer 
from facial paralysis and complete loss of labyr- 
inthine function, These are usually, but not always 
seen together. I do not intend to discuss these. 


Associated with the damage to the temporal bone 
and the structures it contains there is, as has 
already been mentioned, not uncommonly, C.S.F. 
otorrhoea. The great danger when this is present is, 
of course, meningitis. As a rule, C.S.F. otorrhoea 
stops in the course of a few days, or at the most a 
week or two, A course of sulphadiazine is given to 
guard as far as possible against the development 
of meningitis, This is not always successful, as the 
following case shows:— 

A patient reached a base hospital three days after 
receiving multiple wounds. There was C.S.F. 
otorrhceea, A small metallic foreign body could be 
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seen embedded in the inner tympanic wall. Sul- 
phadiazine in large doses was given, and two days 
later, when his other wounds: were being treated 
under a general anesthetic, the foreign body was 
removed by way of the meatus, As it was lifted out, 
several ce.s of C.S.F. gushed out. Three days later 
he developed symptoms of meningitis, and in spite 


of continued treatment with sulphadiazine and 
penicillin given intra-thecally and later by the 


cisternal and intra-ventricular routes he died in a 
week. It is interesting that the C.S.F. at the first 
lumbar puncture contained staphylococcus aureus 
and coliform bacilli, while from later specimens 
cultures grew only coliform bacilli. 

A recent case of C.S.F, oterrheea associated with 
a fractured skull (the result of an accident) gave 
rise, in spite of the normal precautions, to severe 
olitis media, and later mastoiditis with extra-dural 
abscess formation. Two other cases of gun-shot 
wound of the mastoid with C,S.F. otorrhoea in whom 
meningitis had developed were successfully oper- 
ated on after the meningitis had settled down with 
chemotherapy. — 

In conversation, Major Shoreston has told me he 
thinks that C.S.F. otorrhcea is due in most cases to 
damage in the internal auditory meatus, This is 
very likely so, but not invariably the case. The case 
just referred to regained normal hearing, 


Routes of Infection 


I would like to mention the routes by which the 
mastoid and deeper structures may become infected, 

Besides the danger of infection by way of the 
wound and the fractures leading from it, and 
through the ruptured tympanic membrane, there is 
also the possibility of infection by way of the 
Eustachian tube when the tympanic membrane is 
intact, A patient treated a few months ago had. a 
linear fracture of the skull, passing from the parietal 
bone down into the temporal bone and ending in 
the tegmen tympani. Through the intact drum the 
middle ear was seen to be full of blood (haemato- 
tympanum). In the course of a fortnight this became 
infected. At operation two weeks later a_ large 
extra-dural abscess was found under the fracture of 
the squamous part of the temporal bone (no doubt 
an extra-dural hematoma had become infected from 
the middle ear). The mastoid was also infected and 
a cortical mastoid operation was performed. 

In cases of wounds involving the temporal bone, 
the tympanic membrane is usually ruptured, and 
most cases reaching a base hospital are found to 
have otorrhoea due to otitis media. This may sug- 
gest that there is widespread infection throughout 
the mastoid, In the majority of cases this is not so. 
With simple treatment the otitis media will in most 
cases settle down, 

Before any operation is undertaken X-ray 
examination is important; beside the usual lateral 
oblique mastoid views and the mastoid tip picture 
(postero-anterior oblique view), at times Stenvers’ 
and the Towne’s views are useful, especially in 
locating exactly the position of foreign bodies. 


Treatment of Cases seen Early 


Cases, when they reach a base hospital, if there 
is no obvious infection of the wounds,.are explored. 
Any loose pieces of bone are removed and, of 
course, the foreign body also. The wound is dusted 
with ca. penicillin and it is then sutured. A small 
“ penicillin ” tube is introduced through the lower 
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end of the mastoid incision. After sucking out blood 
and serum 5 ce.s of sodium penicillin solution (500 
units per cc.) are introduced by way of the tube 
twice daily for five days or so. The external 
auditory meatus, if it is torn, is lightly packed with 
vaseline gauze upon which ca, penicillin has been 
blown. This is done in an attempt to prevent 
stenosis. The majority of cases heal without delay. 


When the lateral sinus is found to be ruptured it 
may be closed by a muscle graft, or failing this, by 
plugging. A muscle graft has been successfully used 
to close a torn jugular bulb (Captain Tutton and 


Major Whittaker). 


A trained neuro-surgeon should be asked to take 
over should a penetrating. injury be found. 


Treatment of Iniected Cases both Early and Late 


What I am now about to say applies to infected 
-ases both early and late, In an infected case there 
is usually no immediate urgency for operation, 

If there is obvious infection of the wound, it 
has been found by experience that in most cases 
the cells damaged by the missile are those infected 
and that the rest of the mastoid cells are not in- 
fected, X-ray examination will help to determine in 
some cases whether all, or only some, of the mastoid 
cells share the infection. It must be remembered 
that extravasated blood will cause opacity. How- 
ever, if all the cells are opaque, it is likely that this 
indicates infection. 

When the wound in the superficial tissues is just 
over the infected cells, it is likely that fairly good 
drainage is provided. If there is infection of all the 
mastoid cells, drainage is certainly inadequate, and 
the usual signs and symptoms of acute mastoiditis 
may develop. Pain and tenderness, swelling, a more 
profuse discharge from the meatus and the wound 
and a rise in temperature may be seen, 


In infected cases the wound should be explored. 
A decision as to whether or not a mastoid opera- 
tion, by which I mean a complete removal of all 
cells, is neeessary should be deferred until the 
wound has been thoroughly exainined. It is not un- 
common to find a cavity in the bone lined with 
granulation tissue and containing bony fragments. 
In such a case the bone and foreign body are re- 
moved, and the abscess cavity provided with good 
drainage, It has been usual to put in a light vaseline 
pack, and to introduce also one or two penicillin 
tubes, The wound is left open, Later, if necessary, 
the wound may be sutured, If it is found that there 
is no such abscess cavity, then in one or two parts 
of the wound a littke more bone may be removed 
to explore surrounding cells. If these prove to be 
infected the complete exenteration of all cells must 
be done. 

There is considerable difficulty in operating on 
the mastoid bone if, owing to fractures, large por- 
tions of it are “ springy ” and are seen to move with 
any pressure of the gouge or bone curette, As far as 
possible the hammer jis not used, but the work of 
removal of bone is done with the gouge driven by 
the hand only. 


Experience has, im most cases; shown that. in 
spite of the infection of the wound, and in spite of 
the purulent otorrhcea, mastoid infection is confined 
to cells actually damaged by the missile, and for 
this reason and because satisfactory results have 
been obtained, the limited operation briefly des- 
cribed is done wherever possible, 
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If continued discharge, either from the wound or 
from the meatus, indicates residual infection, a 
mastoid operation may be done at a later date, My 
experience of complications as a result of infection 
has been limited to that already mentioned, menin- 
gitis and extra-dural abscess; no doubt others occur, 


To those who see these cases early, I would sug- 
gest that they make sure that nothing, other than a 
piece of sterile cotton-wool, is put in the meatus if 
the drum is ruptured, If C.S.F. otorrhoea is present, 
a sterile dressing should be applied to the ear and 
changed as often as necessary, but nothing should 
be put in the meatus. Sulphadiazine should be given, 
If the meatus is seen to be torn, its replacement as 
far as possible and light plugging with vaseline 
gauze may prevent stenosis developing. 


Cases of facial paralysis with few exceptions have 
not been treated in this theatre, 
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I wish to thank Major Whittaker of 66 (Br.) 
General Hospital (late of 65 (Br.) General Hospital), 
with whom I have had the pleasure of working, for 
much of the information from which this short note 
was made possible. Also I would like to thank the 
members of Major Shoreston’s Neuro-Surgical Unit, 
both he himself and Captains Tutton and Jepson, 
for their co-operation and help. 

Mastoid wounds in the last war bore, I under- 
stand, an evil reputation. This is not the case in this 
war, I wonder if it was because extensive opera- 
tions undertaken with the hammer and gouge on the 
“ springy ” bone broke down barriers to the spread 
of infection which had formed, We have learned to 
do less, No doubt chemotherapy has helped us a lot. 
I always like to remember Trotter’s remark, 
“ Gentlemen, you cannot kill the streptococcus with 
a knife”, and this may well be applied to the 
hammer and gouge to a large extent. 


THE IMPORTANCE OF THE POST-OPERATIVE BLOOD PRESSURE. 


Lt.-Col. R. T. GRANT, RAMC 


I think it is fair to say that up till now too much 
attention has been paid to the pre-operative and 
operative stages of a wounded man’s illness, There 
is still a great deal to learn about what happens after 
operation, Of that, I think we do not know very 
much. I am quite sure it is just as important to 
watch the patient closely during the 24 or 48 hours 
after operation as before, for we can regard the 
operation as a second injury. 


But you may ask first of all, “ why should blood 
pressure be important to follow up after operation? ” 
The answer is that one of the’outstanding results 
of a major wound is some disturbance of the circu- 
lation, and these changes are definite and you must 
recognise them, This disturbance of circulation is 
just as frequent if not more so after operation as it 
is in the earlier stages, and surely the blood pres- 
sure is the best indication we have of the degree 
and nature of this upset. 


It is important to add that it is not sufficient to 
take blood pressure by itself. One must take into 
account other signs and symptoms, 


There are, as far as we know, four syndromes 
with low blood pressure. Two are associated with 
vaso-constriction, and two with vaso-dilatation. 
These four syndromes must be recognised, In the 
post-operative stage only two of these are of im- 
portance. One we call cold hypotension, and the 
other warm hypotension. 


1. Cold Hypotension 

I had better explain clearly what is meant by 
vaso-contriction and vaso-dilatation, The state of 
superficial vaso-constriction is shown chiefly by a 


thin pulse; on putting the finger on it, it is not wide | 


but narrow. The veins are small, and when you try 
to draw a sample from the vein, the blood won’t 
come, or only very slightly. The extremities are all 


cold. Nose, ears and toes are cold, and the face 
is pale. These are the signs in which you recognise 
peripheral vaso-constriction. These signs you get 
with cold hypotension. 


2. Warm Hypotension 


With warm hypotension, on the other hand, you 
have a wide pulse and warm extremities, Fingers, 
toes, nose and ears warm, The face is not pale but 
normal colour, even flushed, so that these two 
conditions, both with low blood pressure, look vastly 
different, The patient with cold hypotension looks 
ill, and the patient with warm hypotension looks 
well. Because he looks well this syndrome is not 
often recognised. Cold hypotension is common be- 
fore operation, and presents the ordinary picture 
of shock and low blood pressure, If you find this 
in the stage before operation it is closely associated 
with a low blood volume, and is an indication for 
giving plasma, After operation that interpretation 
is much less certain. All you can say after operation 
is that this syndrome indicates more likely than 
not, that blood volume is low. 1 do not mean to say 
of course that in every case of cold hypotension 
you should transfuse at once, because in most cases © 
lowering of blood pressure passes off in two to four 
hours, but if this has not passed off in three of 
four hours, you must watch to see what happens 
and then transfuse. But you may ask how it is likely 
that these cases which have presumably received 
transfusion before or during operation should come 
after operation to have low blood volume? The 
answer is that measurement of blood volume often 
shows previous transfusion to have been inade- 
quate, Blood loss is often greater than is thought at 
operation. A good deal of transfused fluid given be- 
fore or during operation soon leaves the circula- 
tion, but one case given 1200 ce of plasma within 
an hour had retained only 800 cc, so that blood 
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loss is more than one thought, and a good deal 
of the transfusion given runs out of the vessels very 
soon. 


One other point; before operation you can restore 
circulation without restoring blood volume, and 
though the patient may look alright blood volume 
may be 20 or 30 per cent lower than normal. So 
it happens after operation that patients who show 
this syndrome often have very considerably reduced 
blood volume, The explanation in other cases we do 
not yet know, It is quite clear that this syndrome 
should not be allowed to persist, because sooner 
or later danger arises from this poor blood volume. 

A word about warm hypotension. This is common 
before operation and very common after operation. 
It is often most difficult to detect because the patient 
does not look ill, has a good colour, and is warm. 
These cases have low blood volume, lower than 
normal, but that is not the main picture. The main 
picture is rather complex. It is favoured by warm 
surroundings. Warm hypotension is common in 
warm weather or where the patient is unduly warm 
in bed. It is found as a result of ether anesthesia. 
In these cases where hypotension develops under 
ether it is usually of mild degree and passes off in 
an hour or-two as the patient recovers from the 
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anesthesia, One sees most frequently this picture of 
low blood pressure with a pulse perhaps of 140° 
where the man has a large injury, especially one 
with much muscle damage, As regards treatment of 
this syndrome, we do not yet know very much, be- 
cause it may be associated with a lowering of the 
blood volume, and although on transfusion some 
restoration may be effected with a slowing of the 
pulse, the man remains essentially in the state of 
warm hypotension, It is worth while trying the 
effect of drugs. With a substance like neo-synephrine 
blood pressure falls after and hour or two and the 
patient goes back almost to his previous state. This 
may last 36 or 48 hours. Then we find blood pres- 
sure going up slightly and it is two days more be- 
fore it returns to its normal state. Cold hypotension 
should not be: allowed to go on, for what we see on 
the surface is also general throughout the body. 
Although blood presure is low, the flow is quite suf- 
ficient to maintain life but insufficient for the proper 
functioning of the various organs, For example, the 
renal system does not work unless blood pressure 
is sufficient, This warm hypotension results in re- 
duction of urine flow and this also happens with 
cold hypotension. Here, once you raise blood pres- 
sure, the urine flow starts. 


HAZARDS OF TRANSFUSION 


Cal ty BW: WOLSTENHOLME, RAMC 


In the past year the British Base Transfusion 

Unit in Italy bled over 52,000 Group ‘O”’ donors. 
The general hospitals bled at least a further 5,000 
donors of all groups. 
' The Base Transfusion Unit also issued more than 
80,000 bottles of plasma and just under 100,000 bot- 
tles of glucose-saline; other crystalloid intravenous 
solutions totalled 22,000. Altogether we can reason- 
ably assume that not less than quarter million pint 
bottles of solutions were administered during the 
year. Apart from some 4,500 blood and a few 
hundred glucose-saline, these figures do not include 
any for American units. 

To the fluids provided by the B.T.U. at least 18,000 
3 gm. solutions of sulphadiazine and ’thiazole were 
added; also considerable quantities of gas gangrene 
antisera, penicillin, and pentothal. 

That so vast a river of fluids should disappear 
into the bloodstreams of many thousands of 
wounded men suggests an unimpeded, uneventful 
flow from base to patient. But how much was this 
apparently smooth flowing river contaminated, what 
turbulence attended its final course, and what silt 
was carried to the deltas of many kidneys? 

Our principal endeavour in intravenous therapy 
was five-fold; to increase blood volume in acute 
hemorrhage and conditions of circulatory collapse; 
to replace erythrocytes in anemia secondary to 
sepsis and chronic hemorrhage; to provide protein; 
to combat dehydration; and to administer drugs 
and sera. In fulfilling these tasks we knowingly ran 
certain risks; the risks of introducing inorganic 


and organic matter, bacteria, parasites and viruses; 
the risks of mixing bloods incompatible to a major 
or minor degree, or accumulatively incompatible; 
and the risks of injecting proteins to which the 
patient might be abnormally and _ dangerously 
sensitive, 

These are no small risks and the responsibility 
in carrying out this work is no light one; it rests 
principally on those excellent ungraded specialists, 
the F.T.U. officers, but rests also on every surgeon. 

How well has this responsibility been discharged? 

It is notoriously difficult to assess the incidence 
of reactions to transfusion and infusion fluids. In 
the monthly return rendered by F.T.U’s. and general 
hospitals reactions are classified under three head- 
ings, all concerned with rise in temperature, but 
in practice reactions of any type attributable, some- 


times rather remotely attributable to transfusion 
are included. In 1944 the reported incidence of 


fl 


reactions varied from 7 reactions with the first 
6,500 bottles of blood given at Anzio, to 96 reac- 
tions with 109 bottles at a general hospital. At the 
hospital it was added, as a matter for satisfaction, 
that only 6 of the 96 reactions had been severe. 
Forty-nine general hospitals in CMF reported to- 
gether 1,066 reactions of all types with nearly 14,000 
blood—about 7.7%; the incidence was greatest with 
2,185 blood in September when it was 11% and 
least in December with 1,334 blood when it dropped 
to 3%. F.T.U. officers are more practised with the 
needle than the pen, but 4 of them reported a total 
incidence of 6.2% reactions with 3,739 blood. 
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These Italian figures may be set against Jewes- 
' bury’s statement in an article in the B.M.J. in May 
°41, that febrile reactions are to be expected in 20%, 
and rigors in 5% of transfusions with stored blood. 

The causes of reactions have been variously cate- 
gorised; in these few moments it will perhaps be 
most profitable to consider them under four head- 
ings; chemical, bacterial, haemolytic and proteolytic. 


The simple pyrexial reactions common to all 
transfusions and infusions are undoubtedly due to 
lack of care in the cleaning of equipment and in the 
preparation of solutions. Traces of old blood or 
plasma in tubing and glass-ware, dead bacteria and 
the pyrogens they may have produced in Stale 
distilled water used for the solutions account for 
many reactions which are avoidable. One General 
Hospital halved its reaction rate between July and 
August by drawing a fresh supply of rubber tubing. 
Although avoidable, these reactions crop up over- 
seas largely due to unsatisfactory stills, poor quality 
salts, shortage of materials for cleaning glass-ware, 
and the necessity for using synthetic rubber from 
which chalk and colouring matter are removed 
with difficulty and in the lining of which blood and 
plasma easily become ingrained beyond the reach 
of any pull-through. That care has been exercised 
is shown by the fact that the reported incidence of 
reactions in the administration of over 10,000 bot- 
tles of ‘glucose-saline was 0.2%. 

Infection of glucose-saline is uncommon, but at 
least one death followed the infusion of a_ bottle 
containing a mould. Plasma is almost always sterile 
on culture but the rather numerous reactions—10.7 % 
in one series of 1,823 dry plasma—suggest that dead 
bacteria or bacterial toxins may be present from 
the pre-drying period. Infection of blood was 
reported to be very common by Major Eagles in Col. 
Grant’s report, but in a more recent survey not yet 
completed the Canadian Research Team is said to 
have found 60 successive bottles completely sterile. 
Undoubtedly at the height of the Gothic Line battle 
the Base Unit found it too great a task to check- 
group, sort, cap, top’and pack 400-500 blood in the 
12 hours of night. Air-leaks on the topping machine 
led to a contamination rate of 15%, and inadequate 
refrigeration in these first 12 hours permitted the 
contamination to become dangerously heavy. Limita- 
tion of the quantities and tightening up of technique 
led to a gratifying fall in the incidence of reactions. 


Inspection of topped blood does not give much 
indication of contamination unless there is marked 
purpling or darkening of the cellular layer. In top- 
ped bottles any staining of the plasma above the red 
cells before the bottle is disturbed should’ be 
regarded with suspicion. Prompt and continuous 
refrigeration satisfactorily restrains the growth of 
most chance contaminants. The practice of trans- 
porting blood forward beyond adequate refrigera- 
tion increases greatly the chance of the danger of the 
blood out-weighing the possible advantages to the 
wounded man. In general hospitals the practice of 


opening the blood refrigerator at. frequent intervals’ 


to remove penicillin or sisters’ fruit jellies may mean 
that the inside temperature never drops below 12° 
or 14° C, and similarly increases the danger. Blood 
storage is necessarily Priority I in the use of the 
few refrigerators available, 

Transmission of disease cannot be completely 
excluded. Malaria was expected to be a great pro- 
blem, but reported cases in which transfusion may 
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have been responsible for transmitting the disease 
have been very few. In one case, where the blood 
of a donor who never reported sick was said to be 
full of parasites and caused a violent reaction, the 
blood had been stored in a refrigerator for 17 days. 
Routine examination of blood films has excluded 
only one bottle. The Russians are said io put 15 gr. 
quinine in each litre of blood but this is believed 
only to modify the severity of the transmitted 
disease, For us in Italy it is essential to have ma- 
laria in mind when a pyrexial reaction follows a 
blood transfusion. 

There is an increasing risk of transmitting 
syphilis. Use of volunteer donors limits the risk; 
khan tests of the donor’s blood are unfortunately 
not of great value for they may be negative when 
he is most infective and may be positive when he 
could give blood with impunity. Storage with 
adequate refrigeration is a good safeguard, and by 
the time blood is giyen in forward areas the risk 
of introducing viable spirochaetes is not great. 
Where fresh blood is used volunteer donors should 
be questioned privately and pointedly, the risks to 
the patient being explained. 

We have noted that hemolysis should be suspect 
in the topped bottle. Blood should always be judged 
by its appearance and not by its age. In general 
hospitals the indications for transfusion will gene- 
rally exclude the use of blood more than a week 
old. In the restoration of blood volume blood of 
good appearance 2-3 weeks old can be given in 


moderation safely and with good effect, Some of 


the pyrexial reactions may be due to quick break- 
down of cells of older blood in the patient, rather 
similar to the fever in malaria as the red cells are 
destroyed. 

Transfusion of grossly incompatible blood should 
never occur. Although there have been reports of 
incompatible transfusions we do not know of any 
bottle sent out as Group ‘O”’ proving to be of some 
other group. When dry grouping serum or wet 
grouping serum which has not been kept frozen are 
used, controls should never be neglected. Cross- 
matching is essential. When the groups are correct, 
incompatibility is still a possibility. Much darkness 
still reigns in regard to a number of hemolytic 
reactions, despite the enlightenment in recent years 
about the danger of repeated transfusions of Kh ye 
blood to Rh—ve patients, That kidneys surviving 


_massive muscle wounds, crush injuries, or sulpho- 


namide therapy should be knocked out by unsuitable 
blood intended to be life-saving is a tragedy which 
we must do our utmost to avoid. No blood should 
be given without cross-matching if time permits— 
and if time does not permit the danger to life must 
be presumed to be already greater than any likely 
to arise from the blood. 

This is not an opportunity to discuss quantity and 
rate of administration, but we must remember that 
rigors may occur with too rapid introduction of 
fluid and that praecordial pain, respiratory distress, 
and a sense of fuliness in the head are symptoms 
common to the transfusion of too much blood and 
of incompatible blood, and only an examination of 
the urine may enable us to distinguish between 
them. The importance of prescribing the type of 
fluid, the quantity and the rate for each patient is 
however surely fully appreciated in this Theatre. 
_Anaphylactic and allergic reactions to blood and 
plasma are not uncommon, occurring apparently 
with more frequency among Indians, presumably 


CONCENTRATED PLASMA 


due to proteins being present to which they are not 
accustomed, Mostly the reactions are no worse than 
mild urticaria, but very severe reactions of an 
anaphylactic nature have been reported with some 
dried plasma, associated in recent cases with diffi- 
culty in reconstitution. This is under investigation. 
The possibility of this type of reaction must be 
borne in mind and means to treat it kept at hand. 


Enough has been said of chemical, bacterial, 
hemolytic and proteolytic hazards to emphasize the 
great need for unceasing care in transfusion and 
infusion. Ease of supply and ease of administration 
must not lead to easy minds. Transfusions and 
infusions were literally an every minute procedure 
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throughout 1944 in C.M.F., 
net become too familiar. 
more, which 
may reveal, 


The hazards can be avoided only by attention to 
the points I mention in conclusion. Only whole-time 
trained orderlies should be employed in the pre- 
paration of transfusion equipment. All fluids must 
be carefully scrutinised before use, Cross-matching 
cannot be neglected. Accurate, continuous refrigera- 
tion of-blood is essential. 

Reactions are a disgrace to our technique or our 
knowledge—they must be a stimulus to the improve- 
ment of them both. 


but the practice must 
We need to know much 
accurate observation and recording 


THE USE OF CONCENTRATED PLASMA IN THE TREATMENT 
: OF PULMONARY OEDEMA DUE TO TRAUMA 


Major G. CLELAND, RAMC 


When a wounded soldier has developed pulmo- 
nary cedema due to blast or certain other forms of 
trauma, the prognosis is extremely grave. The pre- 
sence of the condition prior to operation may render 
the risks of anesthesia too great to allow operation 
on coexisting wounds, and thus render the prognosis 
still graver, But the prognosis is not hopeless, as it 
is when the pulmonary oedema is in the nature of 
a terminal event in cases dying from irrecoverable 
circulatory collapse resultant upon wounding. The 
results of the method I propose to describe have 
appeared so striking that I feel the method should 
be brought to general notice so that its life saving 
possibilities may be explored more widely. 


In seeking a method of controlling this condition, 
I have brought into use intravenous concentrated 
plasma as an addition to the more usual therapeutic 
measures. In my experience, suitable cases are not 
common, and I have seen fit to use this measure in 
only 4 cases out of 750 recent battle casualties. These 
cases, I shall describe. One other surgeon (Capt 
Denham, N.Z.A.M.C.), to whom I introduced the me- 
thod, is finding it of value, not only in the treat- 
ment of established pulmonary cedema due to blast 
injuries, but in preventing the development of pul- 
monary oedema in cases in which blast injury of the 
lung has been diagnosed. 


I must define at this stage the condition which I 
am calling “ pulmonary oedema”, It is characterised 
by the presence of severe respiratory distress and 
marked cyanosis, Large quantities of frothy mucous 
are thrown up into the trachea, and well up 
through the larynx. Varying with the degree of 
consciousness present, attempts are made by the 
patient to cough up the frothy mucus, Auscultation 
of the chest shows the presence throughout of 
widespread coarse crepitations which sound very 
close to the stethoscope, rather in the same manner 
that the whispered voice sounds close to the stetho- 
scope in whispering pectoriloquy. It will be seen 
that, in this condition, the ultimate danger to life 
lies in the drowning effect produced by the vast 


quantities of mucus in the alveoli and the bronchial 
tree; 


Basis for the use of Concentrated Plasma 


I have observed on many occasions that concen- 
trated plasma administered intravenously produces 
a reduction of oedema in second degree _ burns, 
apparently by its direct action in raising the 
osmotic pressure in the capillaries. It is argued that, 
if this is possible in oedema due to trauma in other 
regions, it should be possible in pulmonary oedema 
due to trauma, though not in that condition produced 
by circulatory failure when the latter is a terminal 
event or due to over-transfusion, 


It is further argued that by withholding other 
fluids, the reduction of cedema could be maintained 
over a period long enough to allow adequate local 
and general oxygenation to occur with a resultant 
return to a nearly normal state of the lung capil- 
laries. This would prevent any tendency for the 
condition to recur. In cases where the pulmonary 
cedema had not occurred but could be anticipated, 
the raised osmotic pressure would tend to prevent 
the occurrence of the cedema. 


The truth of this thesis, I am unable to prove; 
but it certainly appears to agree with the results 
obtained clinically. 


Method of treatment 


- Many of the recognised methods of treatment for 
pulmonary oedema of traumatic origin are included, 
for it must be emphasised that intravenous concen- 
trated plasma is an addition to them, not a replace- 
ment of them. 


- |. Atropine gr 1/50 is administered intravenously 
o diminish bronchial secretion to a minimum as 
early as possible, It is considered that the atropine 
can have no direct bearing upon the actual pulmo- 
nary condition. 

2. In order that maximum oxygenation may occur, 
as much of the fluid in the bronchial tree as possible 
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must be removed. If the condition has only recently 
developed and consciousness hag not been lost, the 
patient is encouraged to cough up as much of the 
mucus as possible, More commonly, however, the 
patient is either completely unconscious or in semi- 
coma. If this is the case, the patient is laid supine 
and the foot of the bed raised to encourage the 
mucus to flow towards the larynx. A tube is passed 
under direct vision into the trachea and the mucus 
is sucked out. The injection of coramine 3-5 ccs. 
intravenously at this stage will often produce a 
temporary return of the cough reflex. This will bring 
ay more of the mucus into the scope of the suction 
tube. 


3. Oxygen administration is commenced and 
given continuously by a method which ensures the 
maximum concentration of that gas in the naso- 
pharynx, The B.L.B. mask proves efficient for this. 


4. The above measures are instituted as rapidly 
as possible and then the administration of concen- 
trated plasma intravenously is commenced. Origi- 
nally double strength plasma was used (the dried 
equivalent of 800 ccs. of human plasma dissolved in 
400 ccs. of sterile water), Latterly triple strength 
plasma has been used, (The dried equivalent or 1200 
ccs. of human plasma dissolved in 400 ccs. of sterile 
water.) The plasma is administered by the standard 
Army infusion apparatus at a rate of about 80 drops 
to the minute and little difficulty is experienced in 
maintaining the flow. 400 ccs are usually adequate 
but occasionally up to 800 ccs is required. 


5. Other fluid intake should be limited in order to 
obtain the maximum benefit from the increased pro- 
tein concentration in the circulating blood. 


Case Notes 
Case 1, Private M. 


The injuries involved are described in the opera- 
tion notes. One feels that the nature of the injuries 
caused by blast from a mine justified the diagnosis 
of blast injury of the lungs as the cause of the 
pulmonary cedema which followed operation. 


Operation under continuous pentothal anesthesia. 


_ The operation took place ten hours after wound- 
ing. 

1. Partial amputation of right foot, compound 
fractures of middle and lower thirds of the right 
tibia with gross laceration of muscle and a lacera- 
tion involving the knee joint. A disarticulation 
through the knee joint was performed. 


2. Deep lacerations with gross muscle damage and 
much earth in wounds behind the left thigh, knee 
and calf. Gas was found in the inter-muscular planes 
and early anaerobic infection of muscle was present. 
Very wide excision, removing all doubtful muscle 
as well as that obviously infected was carried out. 
Excision was not ceased until healthy, bleeding, 
contractile muscle was reached. Tobruk-Thomas 
splinting was applied. 

3. Penetrating wounds of the left buttock were 
excised and a perforating wound of the right hand 
with multiple tendon division was cleansed. 


During the operation, a state of profound circula- 
tory collapse occurred due to the collapse of com- 
pensation. Response to blood transfusion was im- 
mediate and after 34 pints had been administered 
the blood pressure had risen to 110/80 and the 
general condition of the patient was regarded as 
satisfactory. 
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Within half an hour of returning to the ward, 
pulmonary cedema occurred, as characterised by 
severe cyanosis, widespread coarse crepitations in 
the chest and a bronchial tree filled with pink 
frothy mucus. Treatment with atropine gr 1/50 and 
coramine 5 ccs intravenously, tracheal suction and 
continuous oxygen was commenced. Thrice concen- 
trated plasma was administered intravenously, 400 
ccs being given at about 80 drops per minute. 
Response to the combined measures was immediate 
and within half to three-quarters of an hour signs 
of moisture in the chest had diminished to some- 
thing very slight. There was no tendency for the 
oedema to recur, a fact which was attributed to the 
plasma, while the initial improvement was attributed 
to the vigorous other measures employed. 


This case had an extremely stormy convalescence 
as he was extremely toxic due to his gas gangrene 
(proved to be due to Cl. Welchii) but he was 
evacuated ultimately to the base in extremely 
satisfactory condition. 


Case 2) ‘Capt. 'S. 


-The injuries in this case were caused by the 
explosion of a mine under the jeep in which the 
patient was riding. The force of the explosion was 
such that the jeep disintegrated and large parts of 
it were never found. 


On admission, the patient was cold, clammy and 
pulseless. The blood pressure was 50/?, the patient 
was unconscious and appeared moribund. A 
hopeless prognosis was given to his friends who 
came in with him. 


The injuries were :— 


1. Bilateral blast injury of the lungs, diagnosed 
on the history, the presence of cyanosis, some 
respiratory embarrassment and widespread coarse 
crepitations throughout both lungs, 


2. A very large laceration of the sagittal line of 
the scalp without an obvious fracture of the skull 
which suggested that his head had met with 
a violence sufficient to produce the loss of con- 
sciousness. 


3. A small laceration of the left parietal region 
of the scalp. 


4. A deep laceration under the greater occipital 
protuberance. 


5. A traumatic amputation of the right forearm 
with shattering of the elbow joint and a fracture 
of the lower end of the humerus with great coinci- 
dent muscle damage. 


6. Two penetrating wounds of the right shoulder 
region. 


Simple fracture of the left medial malleolus with 
much bruising and great displacement of the 
fragment, 

8. Severe contusion of the right ankle. 


The blast injuries of the lung were regarded as 
being of the greatest immediate seriousness. It was 
felt that there was almost no hope that the patient 
would become fit to stand operation. Blood trans- 
fusion was commenced slowly, on account of the 
chest condition. After two pints of blood had been 
administered, there had been no evidence of any 
response. Pulmonary oedema then manifested itself 
when pink frothy sputum began to well up from 
the trachea. The depth of unconsciousness was 
such that the cough reflex was absent. 
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Treatment was commenced with atropine gr 1/50 
intravenously, tracheal suction, continuous oxygen. 
Coramine 5 ccs was given intravenously while the 
tracheal suction was being carried out and a tem- 
porary but helpful return of the cough reflex was 
obtained. Triple concentrated plasma (400 ccs in 
all) was administered intravenously at a rate of 
80. drops per minute. In half an hour the colour 
had improved most markedly and the pulmonary 
oedema was disappearing. The cold clamminess of 
the body had disappeared and had been replaced 
by general warmth and superficial vaso-dilatation. 
The blood pressure was rising steadily but slowly. 
Three hours after commencing the treatment for 
the pulmonary cdema, the blood pressure had 
reached 110/80 and there was no tendency for the 
pulmonary cedema to recur. Semi-coma - still 
persisted. 


It was now judged to be the suitable moment for 
operation and it was observed that this was 8 
hours after admission to the advanced surgical 
centre and at least 12 hours after wounding. Ope- 
ration was carried out under very light pentothal 
aneesthesia and consisted of rapid re-amputation of 
the arm through the level of the fractured humerus, 
excision of all other wounds and _ single layer 
suture of the scalp, over sulphanilamide powder, 
to give maximum speed in closure. The fractured 
ankle was manipulated and a_=padded_ plaster 
applied. 

The condition of the patient did not deteriorate 
during the operation but in the next couple of 
hours after operation the axillary temperature rose 
to nearly 105°F, commencing to fall thereafter on 
the application of cooling measures, This hyver- 
pyrexia could have been the result of a reaction 
to the plasma or due to some measure of injury 
in the region of the *heat regulating centre, but 
whichever was the case, it did not recur. 


No more need be recorded of the progress save 
to reiterate that there was no tendency for recur- 
rence of, the pulmonary cedema and information 
received four months later showed that the patient 
was alive and physically well, though he was still 
recovering from marked mental abnormalities as 
a result of his head injuries. I have never seen a 
case in which recovery was more unexpected or 
dramatic. 


CasE 3 L/Cpl W. : 

On admission this patient was extremely ill due 
to a sucking wound of the right mid axillary line 
of the chest, caused by a machine gun bullet, and 
other injuries. The operation notes describe the 
injuries. 

Operation under C2E3 followed by ether. 

An obvious sucking hzmo-pneumothorax was 
present inthe right mid-axillary line. The abdomen 
showed no definite signs of penetration. 

1. The chest wound was laid open and a fracture 
of the sixth rib was found, The soft tissues were 
excised and enough of the fractured rib removed 
to permit inspection of the pleural cavity. A large 
hematoma of the lower lobe of the lung was seen 
and there was no visible rent in the diaphragm. 
The wound was closed in layers. 

2. A perforating wound of the right elbow, 
related to the chest wound shattering the lower 
end of the humerus and the elbow joint was ex- 
cised and immobilised in a padded plaster, 
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3. A perforating wound of the buttock required 
no operation, At the end of operation, hemoptysis 
was observed. 


Following return to the ward, the condition of 
the patient was extremely grave and oxygen was 
administered continuously, During the next three 
or four hours, there was a gradual recovery and 
consciousness was regained for a_ short period. 
About six hours after operation, the patient 
gradually lost consciousness, appeared to be mori- 
bund and large quantities of frothy mucus welled 


up into the trachea. Treatment was instituted along .- 


the lines already described in the previous cases 
with the exception that double concentrated 
plasma was used. The immediate response was 
dramatic, due to the clearing of the airway to 
oxygen and over the next half hour the moist signs 
in the chest were diminishing. This drying effect 
continued and there was no tendency for the 
cedema to recur, Consciousness was regained 
within half an hour, Five days later he was fit for 
evacuation, there having been no further evidence 
of pulmonary oedema, Six weeks later he was trans- 
ferred from the chest unit to which he was evacu- 
ated to an orthopedic centre for treatment of the 
arm injury, his chest wounds being healed. 


Case 4, Lt. T. 


This officer was admitted with widespread burns 
due to a petro] explosion. His general condition was 
good but standard strength plasma was administered 
as the amount of fluid loss from the burns which 
was occurring and likely to continue to occur, was 
great, The following operation note speaks for itself. 


Operation under continuous pentothal anesthesia. 


1. Mixed second and third degree burns of face 
and ears including the lips and the inside of the 
mouth, 


2. Mixed second and third degree burns of both 
hands with gloving of the hands. 


3. Second degree burns of both knees 
patient was in shorts at the time of burning). 


All burns were cleansed and dressed with sul- 
phanilamide powder and vaseline gauze and the 
hands immobilised in the position of function with 
plaster. 


During anesthesia, vast quantities of mucus 
welled up into the trachea and the patient became 
very cyanotic despite the administration of oxygen. 
A diagnosis of pulmonary oedema was made, The 
administration of the anesthetic was ceased, atro- 
pine gr 1/50 was given intravenously and the 
trachea was sucked out under direct vision, During 


(the 


the latter procedure, burning of the larynx was . 


observed by the anesthetist, As the effects of the 
pentothal wore off, the cough reflex returned and 
further quantities of mucus came within the scope 
of the suction tube, At the same time twice ccncen- 
trated plasma was substituted for normal plasma 
until 400 ccs had been given. This was followed by 
a slow normal plasma drip. Twenty minutes later, 
on leaving the theatre, the patient’s colour was good 
and moist sounds in his chest, previously abundant, 
were reduced to a remarkable degree, 


Once more there was no tendency for the pulmon- 
ary oedema to recur and 30 hours later the patient 
was in a fit condition for evacuation, In this case 
it was considered that the pulmonary cedema was 
the result of burns of the respiratory tract, 


» 
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(Major Cleland then described three more cases 


treated by Major D. E. Stephens, SAMC, in all of 
which the pulmonary oedema was successfully con- 
trolled by this method.) 


It appears clear that the initial improvement, 
occuring in the cases of pulmonary oedema des- 
cribed above can be attributed to the standard 
measures applied, The outstanding advantage which 
appears to result from the use of concentrated 
plasma is the tendency for progressive improvement 
and the remarkable absence of any tendency for the 
condition to recur, No case which is described 
above has required. more than one clearing of the 
trachea by suction. 


Dangers from the use of concentrated plasma 

Reactions of varying degrees of intensily may 
occur, but these do not differ from the reactions 
which may occur when normal plasma is used to 
replace plasma loss. They only appear to be really 
dangerous when a serious hyperpyrexia occurs, By 
careful observation this may be anticipated and the 
infusion ceased, If, on the other hand, it appears 
that death is a certainty from the pulmonary oedema, 
unless administration of the plasma is continued, a 
_fresh amount of plasma may be prepared and given 
through a fresh giving set and the pyrexia con- 
trolled by the usual artificial] means. 


I have no experience of treating cases of pul- 
monary oedema in blast lung where no other injuries 
coexist and where there has been no blood loss. 
But I feel in such cases, there might be danger from 
over-loading an embarrassed pulmonary circulation 
by raising the blood volume above normal, I 
therefore suggest that in such cases a preliminary 
venesection might be required in order to “ make 
room” for the plasma that is to be administered. 
This may be an important danger. 


Contra-indication to the use of concentrated plasma 


When pulmonary oedema occurs as the result of 
over transfusion (an occurrence which I have only 
once observed in the field, but which at least one of 
my colleagues has observed a number of times) the 
treatment required is venesection. Administration of 


any fluid to the already overburdened circulation, 
will cause further deterioration in the condition and 
therefore concentrated plasma is contra-indicated 
unless the blood volume is reduced adequately 
before the plasma jis given, 

Further applications of the use of concentrated 
plasma in pulmonary oedema, 


1. It» seems highly probable that concentrated 
plasma might prove valuable in pulmonary oedema 
resulting from the inhalation of lung irritant gases, 
whether occuring under civilian manufacturing 
conditions or as the result of chemical warfare. 


2. The miner who is burnt as the result of an 
underground explosion frequently suffers from 
burns of the respiratory tract. Such a case would 
probably respond to concentrated plasma in the 
same manner as the case of burns quoted above. 


Summary 


1. Intravenous concentrated plasma is described 
as a valuable addition to the recognised methods in 
the treatment of pulmonary cedema due to blast 
injury and other injuries of warfare, 


2. Six cases are described in which pulmonary 
cedema was successfully controlled by concentrated 
plasma. One case is described in which pulmonary 
cedema was possibly averted in blast injury of the 
lungs, 


3. Emphasis is laid on the absence of any 
tendency for recurrence of the pulmonary cedema 
in the types of cases described after treatment with 
intravenous concentrated plasma. 


4. Dangers and conira-indication to the method 
are mentioned, 


5. Possible further applications of the method are 
mentioned, 


(Note.—I must express my gretefulnese to Major 
R, W, Cope, RAMC, who introduced me to the stan- 
dard methods of treating pulmonary oedema and 
who was responsible for this part of the care of two 
of the patients I have described. ~ . 


The absence of any references is regretted, as I 
am at present in the field with a field surgical unit.) 


: 


Pies 


FOOT 


Lt.-Col. A. S. WESSON, 


After having witnessed the brilliant cortege of 
speakers and papers this week I feel as must the 
driver of the dung cart at the end of the Lord 
Mayor’s show, 


' Nevertheless, though my subject may be dull, its 
importance, owing to the present man-power 
situation, will, I trust, justify my occupying just 
15 minutes of your valuable time. Like the poor, 
our feet are always with us, but now in the sixth 
year of war the foot problem has again reared its 
ugly head. 

I have it on authority that we are losing a number 
of infantrymen which we can ill afford to spare, on 
account of minor defects of locomotion, One of the 


STRAIN 


RAMC 


reasons of this present loss is the fact that infantry 
reinforcements are no longer men trained fully in 
U.K, but men from other arms of. the service who 
have been converted into infantry in this theatre, 
and in the words of the infantry officer “they are 
damned good chaps but from the waist downwards 
they are bl. lousy. 


I propose first to discuss some of the reasons for 
locomotor failure :— 


(1) Pathological congenital or 
ities, 

You may well ask ‘‘ What are these men doing in 
infantry,” but the fact remains that there they are. 


acauired deform- 


FOOT STRAIN 


After the first year of war, the orthopredic con- 
sultant rightly laid down a ruling that operations 
on the soldier’s foot were taboo, for they more 
frequently aggravated than relieved his symptoms. 
I can assure you too that remedial measures have 
rarely any permanent 100% value and that the only 
possible remedy is to re-shod and re-employ him 
at the base, for as an infantryman “ he’s had it.” 


(2) Poor muscle tone in the whole locomotor 
apparatus from the waist downwards, (I say “ waist 
downwards ” advisedly, for if those of you who do 
not know the effect on the feet of contracting the 
glutei—try it afterwards.) 

The reasons for this diminution in muscle tone 
are :— 

(a) Insufficient use—sedentary occupations, It 
must be remembered that many soldiers 
have spent 4 or 5 years employed in occu- 
pations involving little or no marching, 
and it is these who run the risk of loco- 
motor failure during or after their infantry 
training, 

(b) Incorrect use from habit or post-traumatic 
states, Incorrect postural habits acquired 
during adolescence may lead to muscle 
imbalance in the lower limb with resulting 
potential weakness, Again, similar imbal- 
ance may result from past injuries which 
have not received adequate rehabilitation. 


(c) Part of a general lowering of muscle tone, 
the result of hospitalisation from ANY 
cause, 

Now here I must digress for a moment. Those of 
you who visited the Convalescent Depot on Wednes- 
day heard Colonel Briggs say that all infantrymen 
before being discharged A.1 must pass two tests— 
an obstacle course for agility and a 5-mile route 
march in 1 hour for endurance, May I put in an 
earnest plea to my audience to consider before they 
discharge a man direct from hospital to Infantry 
Reinforcement Training Depot “Is this man really 
fit for front line duty?” for it is just possible that a 
man May stay only 48 hours in the I.R.T.D, before 
proceeding northwards. Please remember that a 
ae eeent Depot is there to. re-fit the man for 
duty, 

(3) The third cause of breakdown is unaccustomed 
over-loading of the locomotor apparatus, 


A commanding officer of an infantry battalion in 
the line, recently said to me: “ The soldier is not 
expected to march very long distances, nor shorter 
distances at high speed, What in fact does happen 
is that he may have to march 10—12 miles at night, 
in single file, with one foot in the ditch and one 
foot in the road, avoiding the constant procession 
of 3 tonners that are sweeping past him. In addition 
to his norma] equipment he has to carry his share 
of the platoon’s weapons and ammunition, 24 hour’s 
rations, a greatcoat and/or blanket and probably 
pick and shovel. ” 

Is it any wonder, gentlemen, that breakdowns 
occur? 

(4) I fear in a few cases the failure is due to lack 
of guts, Those, gentlemen, are the reasons, What are 
the remedies? First, the R.M.O. is most important. 
A good R.M.O. who nurses his men’s feet will save 
many a potential lame duck—but if the man re- 
peatedly falls out, his only course is to send him 
to the nearest surgical specialist. 


135 


And what can he do? 


He .knows, and I couldn’t agree with him more, 
that hospitalisation and physiotherapy for such 
cases result in no permanent benefit and in most 
cases he must recommend a Medical Board and a 
lowering of the man’s medical category. 

I know from my experience of a physical develop- 
ment centre in U.K, that it is possible to save a high 
proportion of these cases of foot disability without 
fixed deformities by correct reconditioning, It has 
therefore been decided to establish a foot training 
centre in this theatre for 8th and 5th Army Troops. 
Men with locomotor defects will be recommended 
by R.M.Os., and selection for suitability will be done 
by surgical, and when possible, orthopedic 
specialists. The centre will be under the supervision 
of one of my grading specialists, Capt. Brocks. The 
course will be 6—8 weeks’ duration and the pro- 
gramme divided into four fortnightly grades. 

The underlying principles upon which the train- 
ing is based are as follows :— 

(a) Restoration of muscle tone, 
(b) Re-education of norma] muscle balance, 
(c) Progressive general and foot hardening. 


The ‘programme will include Remedial P.T., 
General P.T., Recreation, Road-work and in the 


later stages, cross-country work and hill climbing. 

We should welcome any interested surgeon, and 
Capt, Brocks will only be too pleased to take you 
round the later stages—I regret I shall not be there! 


The men will be reviewed each fortnight and a 
decision made as to their progress. Obvious failures 
will be boarded down and sent to the Reallocation 
Centre. Ali those who make the grade will be con- 
sidered A.1 and will be returned to their units direct 
and not through I.R.T.D, 


I realised, however, that this measure, even if 
successful, is not getting at the real root of the 


trouble for it must be in the initial training of the 


convertee that special care is needed. I visited the 
I.R.T.D, last week and formed the impression that 
70% of men would go through normal training and 
be fit, 15% should never have been sent for infantry 
training and need immediate recategorisation, and 
15% are doubtful cases who would probably break 
down sooner or later, 


In order to save this 15% I have proposed to 
institute a Special Training Centre on the lines of 
the P.D.Cs. at home under the supervision of a 
specialist in physical medicine, such Centre to be 
formed at the I.R.T.D, itself. By this means it is 
hoped to prevent the subsequent breakdown and- 
loss to the war effort of that factor of incalculable 
value—the poor bloody infantry, 


In conclusion, gentlemen, I hope I have not 
disappointed you by depriving you of the spectacle 
of my flounderings in the quicksands of foot 
pathology, but by confining my remarks to the 
wider conception of foot function, its failure and the 


reasons for it, I have found, I hope, a remedy, 


Surgeon Captain Nicholson, RN, 


I will not keep you for a moment, I just want to 
tell you- how very grateful we are in the Navy for 
the opportunity of coming here this week and to the . 
previous conference held the week before last. My 
colleagues andI have gained tremendously from the 
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advantage of hearing the speakers throughout the 
week, My own silence I may tell your, is due more 
to timidity in the face of this outstanding experience 
and talent than to the term which I believe is usually 
associated with the service to which I belong, We 
have heard in references to the papers this week 
the words “high standard.” This is not a high 
standard; this is THE standard, the standard on 
which we shall base our future teaching and the 
standard on which future text books will be written. 
We are having a preview of the future which is 
extremely valuable. One other thing. I would like to 
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thank the British and American Army Services, 
physicians, surgeons and nursing staffs is for the 
great care they have given to our Naval patients. In 
the course of the campaign we have had many 
thousands of them admitted to Army hospitals, 
British and American, and it has been my great 
pleasure to see the way they have been looked after. 
I have been a patient myself, I am glad to say I was 
not a surgical patient! I should like to thank you 
again for allowing us to come, and also to thank 
the organisers for giving us such a successful and 
most memorable week. 


Friday, 168 February, 1945 
AFTERNOON’ SESSION 


Subject: 
Bacterial Flora of War Wounds 
and Penicillin Therapy 


Presiding : 
Major-General Philip Mitchiner, Consulting Surgeon 
M.E.F. 


Major-General Mitchiner 


I consider myself extremely fortunate in being present here, and I thank 
you all for having both asked me to come and for being so kind to me since 
I arrived. I will now ask Major Hamilton of the Royal Canadian Army Medical 


Corps to give his paper. 
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BACTERIAL FLORA OF WAR WOUNDS AND PENICILLIN THERAPY 


Major J. HAMILTON, RCAMC 


During the past ten months the wound infection 
team of the Research Laboratory has been investi- 
gating, first, the bacterial flora of wounds at for- 
ward surgical centres, lines of communications and 
base hospitals, and secondly, the effect of intra- 
muscular penicillin therapy, administered in the 
forward area, on these wounds. To date, approxim- 
ately 1,000 wounds have been examined, at various 
stages from a few hours to several weeks after 
wounding. As it was found impossible to follow 
individual cases from forward area to base, the 
results given below are based on different groups of 
patients studied at various stages of evacuation. 


CLASSIFICATION OF BACTERIAL FLORA 
‘The various organisms recovered from 
wounds have been divided into three groups. 
1. True pathogens These are the organisms 
which have the power to invade and destroy living 
tissue : — 
Staphylococcus pyogenes (coagulase positive). 
Beta hemolytic streptococcus. 
Aneerobic streptococcus. 
Certain clostridia. 


these 


2. Local pathogens.—These include chiefly gram 
negative bacilli, and some other proteolytic organ- 
isms :— 

Ps. pyocyaneus. 
B. proteus. 

E. coli. 
Coliforms. 
Certain clostridia. 


3. Saprophytes.—These organisms have a_tran- 
sient existence in wounds and are without signifi- 
-ance:— 

Aerobic spore bearing bacilli (b. subtilis group). 

Diphtheroids. 

Non-hemolytic streptococcus. 

Streptococcus viridans. . 

Non-pathogenic staphylococcus. 

Micrococcus. 

Certain gram negative bacilli, erobacter and 
achromobacter. 

Not included in the above groups are cl. tetanus 
and c. diphtherize, which are intermediate between 
the true and local pathogens listed above. Cl. 
tetanus has only been encountered about 3 times, 
and c. diphtheriz not at all, in the groups of cases 
included in this series. 


BACTERIAL FLORA AT FORWARD SURGICAL CENTRES 

This has varied with the season and with the 
nature and location of the wounds. Cultures were 
taken on removal of the field dressing at time of 
primary surgery. 


1. Spring and Summer, 1944—(97 cases). 


Staphylococcus pyogenes - - - 20% 
Beta hemolytic streptococcus - a She 
Clostridia - - - - . - 50% 


2. Winter, 1944—(234 cases). 


Staphylococcus pyogenes - - -- 13% 
Beta hemolytic streptococcus - - 13% 
Clostridia - - - - - - 30% 


The higher incidence of clostridia in the first group 
is partly explicable in that a large percentage of 
these cases were priority I casualties, with extensive 
wounds. In the cases examined during the winter 
months, however, the majority were priority III 
casualties. The increased incidence of beta heemo- 
lytic streptococcus in the winter is to be expected, 
with the prevalence of upper respiratory: infection. 


BACTERIAL FLora at L. or C. AND BASE Hospirats 
An attempt was made to culture the wounds -on 
first removal, at base or L. of C. hospital, of the 
dressing or cast applied at time of primary surgery. 
This was accomplished in a majority of cases. 
1. Spring and summer, 1944—(87 cases). 


Staphylococcus pyogenes - - - 40% 
Beta hemolytic streptococcus - - 12% 
Clostridia - - - - - 4% 
2. Early autumn, 1944——-(387 cases). 
Staphylococcus pyogenes - - - 40% 


Beta hemolytic streptococcus - - 7% 
Clostridia - - - - - - 13% 


The striking feature at this level was the high 
incidence of staphylococcus pyogenes, which was 
recovered in a moderate percentage of cases from 
clinically clean wounds. 

Although no adequate series is available for the 
winter months, a marked increase in the incidence 
of beta hemolytic streptococcus has been found 
during December and January. 


EFFECT OF PENICILLIN THERAPY ON BACTERIAL FLORA 


Since August, 1944, a large percentage of 
Canadian battle casualties have been given intra- 
muscular penicillin therapy in the forward area, 
following primary surgery. The average course ad- 
ministered was 550,000 units over a period of 44 
days, given 3-hourly, 15,000 units per injection. 

Bacteriological examination of these penicillin- 
treated cases on arrival at base hospital showed 
that the bacterial flora was of the same type, with 
the same incidence of pathogens, as in cases not 
treated with penicillin. 


SENSITIVITY OF PATHOGENS TO PENICILLIN 


Of the true pathogens listed above, beta hemo-_ 
lytic streptococcus has always been found to be 
sensitive to penicillin. Sufficient strains of clostridia 
have not been tested to make any statements in 
regard to natural or induced insensitivity. 


Four to 6% of strains of staphylococcus pyogenes 
were described as naturally resistant to penicillin 
by Sir Howard Florey, who also described in vitro 
development of penicillin resistance in this 


_organism. Since that time, various reports of the 


incidence of naturally resistant strains of staphylo- 
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coccus pyogenes have been given, varying from 10% 
to 20%. Our own findings in regard to the incidence 
of penicillin resistant strains of staphylococcus 
pyogenes are:— 


1. Forward — surgical 
surgery, 13%. 


2. Base hospital, prior to widespread introduction 
of penicillin therapy (May and June, 1944), 18%. 


3. Base hospital, after the widespread introduc- 
tion of penicillin therapy (September and October, 
1944), but in cases not treated with penicillin pre- 

viously, 28%. 


4. Base hospital, in cases treated in the forward 
area, with a course of intramuscular penicillin 
therapy, average total dosage 550,000 units, 51%. 


Any interpretations of the above figures are open 
to many criticisms, but we have felt that the figures 
of 13% and 18% above probably approximate the 
true incidence of naturally occurring penicillin re- 
sistant strains of staphylococcus pyogenes. 


The figure of 28%, encountered more recently in 
cases not treated with penicillin, may possibly be 
explained on the basis of cross infection with re- 
sistant strains originating in penicillin treated cases. 


centres, before primary 


The figure of 51% resistant strains in penicillin 
treated cases can only be explained on the basis of 
insensitivity induced by previous penicillin therapy. 
An attempt to learn factors determining the develop- 
ment of penicillin insensitivity in staphylococcus 
pyogenes has not as vet been successful. Nor have 
we yet discovered whether induced resistance to 
penicillin is maintained. One case only has been 
successfully followed. In this instance, staphylo- 
coccus pyogenes, originally sensitive to 24 units 
penicillin, at the end of 6 days’ continuous intra- 
venous therapy was insensitive to 100 units peni- 
cillin. 


The. criticism may be made that our methods of 
determining penicillin insensitivity by the ditch 
plate method, using 23 or 5 units penicillin per cc., 
are crude. In the study of soft tissue wounds we 
have observed, however, that staphylococcus pyo- 
genes found insensitive by the ditch plate method 
has proven clinically insensitive to intramuscular 
penicillin therapy, and wounds sutured in the pre- 
sence of insensitive strains of this organism have 
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invariably broken down. This also refutes the 
statement which has been made that penicillin in- 
sensitive strains of staphylococcus pyogenes are 
non-pathogenic. 


Summary and Conclusions 


1. A course of penicillin therapy, consisting of a 
total of 550,000 units, administered intramuscularly 
every 3 hours during 43 days in the forward area, 
has not altered the bacterial flora of the wounds. 


2. The claim is made that this course of peni- 
cillin therapy has increased the incidence of 
penicillin insensitive strains of staphylococcus 
pyogenes. This claim is based on the statistical dif- 
ferences found in 114 strains isolated from cases 
not treated with penicillin, and 97 strains isolated 
from penicillin treated cases. 


Major-General Mitchiner 


We are very grateful to Major Hamilton for his 
paper. I should iike to know the effect of penicillin 
therapy on the diplococcus, and I urge you to be 
very careful of it. We feel that there is a little hope, 
perhaps, in the recent work of Lt.-Col. Baker pub- 
lished in the Lancet, where he advocates intermit- 
tent therapy, which I have seen practiced with very 
considerable success. 


Brigadier Edwards 


I would like to ask a question on the definition 
of resistance. Do we understand by resistance that 
penicillin has no action, or is resistance a relative 
term, diminution of sensibility rather than complete 
insensibility? 


Major Hamilton 


The answer to that is that we have not com- 
pleted our investigations. I believe the resistance 
may be in varying degrees. We have examined some 
strains of staphylocci and found they would grow 
very easily in very high concentration of penicillin, 
and that the penicillin was without effect. We have 
found in other strains varying degrees of resistance. 
If we found a resistance strain we did not know 
whether it maintained the resistance or perpetuated 
that resistance. The problem is one which we have 
only just begun to study. 


CHRONIC SEPSIS WITH TOXAEMIA IN WAR WOUNDS 


Lt.-Colonel R. A. KING, RAMC 


The use of the modern chemo-therapeutic agents, 
penicillin and sulphonamides, has changed largely 
the aspect of war wounds, Healing is now amazingly 
rapid with thorough excision, followed by chemo- 
therapy and delayed suture. Certain wounds, how- 
ever, are slow in healing, because of infection of 
bone or joint. Others, grossly contaminated by 
metallic or other foreign bodies, develop infection, 
and may be long in healing. Infrequently, however, 
one sees a small proportion of chronic cases that 


® 


continue with discharge and pyrexia, become more 
and*more toxeemic, and drift near to death. 


It is with these severely septic and toxeemic cases 
that I am concerned in this paper. 


One is unable to express an accurate opinion of 
the proportion in which such cases occur, as 
hospital] units do not take all types of cases. I have 
collected from a base hospital a series of 28 severe 
chronic toxemic septic cases, in a period during 
which approximately a total of five thousand surgical 
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cases were seen. These 28 cases were seriously ill, 
wasted individuals with pyrexia and anaemia of 
two to three months’ duration, All had been in 
several medical units before reaching the base. Four 
were G.S.W. spine, with paraplegia, of which two 
died after several’ months. Twenty-five were com- 
pound fractures. Sixteen being femurs, five tibias 
and fibulas, Three had _ perforating abdominal 
wounds and four G.S.W. ilium, The majority had 
multiple large wounds. Five compound fractured 
femurs were associated with suppurative arthritis 
of the hip, Eight cases were associated with sup- 
puration of the knee joint, and three of these also 
had compound fracture of tibia and femur at the 
knee joint. Total deaths were five. Spines, 2; abdo- 
mens, 2; severe multiple wounds, 1. 

What were the causes of the prolonged infection 
and toxzemia in these cases? :— 


(1) In the first place all had multiple wounds, 
from mortar, shell or M.G. Many were extensive 
wounds, involving large areas of skin and muscle 
and extensively contaminated by metallic and other 
foreign bodies. 


(2) Thirteen had suppuration of the hip joint or 
knee joint. 

(3) Sixteen had compound fractured femurs, 

(4) Secondary infections occurred in all, the pre- 
dominating organisms being streptococci, staphy- 
lococci, b. coli and b, proteus, 

(5) Intercurrent illness such as malaria, dysentery, 
pneumonia pyelitis, and pyelonephritis occurred 
in 12 

(6) Several had come to the primary operation at 
a very late stage, one after six days, several after 36 
hours, 

(7) The degree of chronic toxemia was in direct 
proportion to the extent of the septic wounds. 


(8) No case of secondary hemorrhage occurred 
in this series. 


(9) No cases of amyloid degeneration occurred. 


Treatment 

It is a striking fact that out of this short series of 
28 cases, further surgical drainage was needed in 
24, and of these, 20 cases recovered, 15 are now 
ambulant, and three have now died. 

Why was so large a proportion of cases in need 
of further drainage? Had they been neglected? No! 
on the contrary, they had had continuous and careful 
attention, Drainage had been obtained on them all 
in various units, but had not been continued for 
sufficient time. 

Difficulty had been experienced in obtaining free 
dependent drainage, in some, because of the wound 
site and anatomical considerations, For example, 
deep wounds of the groin were drained anteriorly 
only. Suppurative hip joints were nursed with over- 
flow anterior drainage and all the suppurating knees 
drained badly by ordinary methods. Some compound 
fractured tibias had large portions of bone missing; 
the resulting cavity, if on the frént of the leg, did 
not drain well, pus collecting and overflowing. 
Several compound fractured femurs had infection 
tracking upwards to the buttocks, until the limb was 
well lowered to counter this spread by the aid of 
gravity, 

By paying meticulous attention to obtaining free 
dependent drainage 20 out of the 24 cases operated 


upon recovered, Constant vigilance was necessary, 
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and most of them needed incision, on more than one 
occasion, In these severely emaciated and toxeemic 
patients, although free drainage was established, 
pyrexia fel] gradually over a period of days or 
weeks; it rarely subsided suddenly. The general 
condition of these patients was improved’ by 
repeated blood transfusions. In severa] instances, 
cessation of pyrexia occurred immediately after 
blood transfusions; this fact sometimes was associa- 
ted with mild rigors, 


Large granulating areas were grafted as early as 
possible, and with the growth of epithelium improve- 
ment foliowed the diminishing area of septic absorp- 
tion. Bone sequestra and all large foreign bodies 
were removed, In all cases complete immobilization 
was obtained by efficient splinting whenever possible. 


Such chronic cases had to be assessed regularly 
and repeatedly, for drainage incisions sometimes 
had to be extended or repeated. In the case of limbs, 
the possibility of amputation was considered but it 
is significant of this series that no amputation was 
performed. 


The most difficult part of the body to drain depen- 
dently was the knee joint (eight cases were dealt 
with), The majority had been continuously ill with 
swinging pyrexia for three months or over, and had 
hemoglobin from 37 percent to 51 percent with 
much emaciation, 


Owing to its anatomical peculiarities of contour, 
the synovial sac of the knee joint is not easy to 
drain. The main joint cavity is anterior, with a bifid 
synovial sac projecting backwards roughly at right 
angles to this, to accommodate the femoral condyles. 


In cases of suppurative arthritis which come to — 
arthrotomy, anterior incisions above and lateral to 
the patella into the supra-patellar pouch only drain 
by overflow, Attempts have often been made to aug- 
ment this form of drainage, Posterior and postero 
lateral incisions have been made, but drainage of 
the knee joint in this manner is not, and cannot be, 
efficient, as the space between the femoral condyles 
and synovia is very narrow posteriorly, Secondary 
hemorrhage is not unknown after posterior drainage 
by reason of the close proximity of the popliteal 
vessels, Moreover, each latera] compartment of the 
knee joint needs to be opened if posterior drainage 
is attempted. It can also be understood how ineffi- 
cient such drainage is when one observes the fibri- 
nous masses contained in pus in some of these cases. 


Attempts have been made to drain the knee in 
other ways. During the last war Willems successfully 
treated a series of suppurative arthritis by anterior 
incisions and continuous movement, Such treatment 
is painful and cannot be established where gross 
fractures are present at the lower end of the femur 
or upper end of tibia. 


Again, complete transverse severance of patellar 
tendon and anterior coronary ligament has been 
advocated in the past with full flexion of the knee. 
This manoeuvre grossly damages the knee and is 
impracticable in the presence of fracture, and is 
associated with shock. 


Postural Drainage 


Efficient dependent drainage of the knee joint can 
be obtained by the simple procedure of anterior 
arthrotomy combined with posture, The patient is 
turned over to lie face downwards, 
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The knee and leg are fixed in a plaster cast sur- 
rounding a massive cotton-wool dressing after the 
manner of Winett-Orr, Extension may be applied 
to the skin to contro] starting pains. 

Patients are able to remain lying in the face- 
downwards position continuously for weeks and 
usually make steady progress; temperature drops, 
toxemia diminishes, appetite returns, anaemia 
improves and they put on weight, I have found that, 
with this form of drainage, discharge is free, neces- 
sitating severa] changes of plaster for the first few 
weeks, after which time the plaster may be left for 
longer intervals, and changes governed by the 
patient’s condition, Where the joint has been grossly 
infected, ankylosis is of course obtained with the 
knee in full extension. 

The following points should be followed when 
nursing patients in ventral decubitus :— 


(1) No pillow is needed for the head, otherwise 
the neck is too extended, but a pillow beneath the 
chest is appreciated. 

: (2) A relaxed position for the arms is obtained 
by placing the hands forward beneath the mattress, 
otherwise they should lie alongside the body, 

(3) Both feet must protrude beyond the end of 
the mattress to prevent equinus deformity. 

(4) The affected leg should be elevated slightly 
by slinging from a Balkan Beam, or a pillow should 
be placed beneath the foot. 

(5) The normal knee should be supported at the 
lower third of the leg by a pillow to maintain slight 
flexion (the most comfortable knee position.) 

(6) Attention must be paid to the anterior superior 
iliac spines and sternum, which become pressure 
points in the emaciated in this position, 

(7) The position should be. maintained conti- 
nuously. The patient should not be repeatedly 
turned about. All nursing can readily be accom- 
plished in this position. 


Chemo:-Therapy in Chronic Sepsis 


It has been found that the use of penicillin and 
sulphonamides in the presence of chonic sepsis is 
of little value until drainage is established, This fact 
was noticed with all the cases treated. When sensi- 
tive organisms are present and drainage is estab- 
lished, chemo-therapy however was then found of 
value, To illustrate the first point :— 


One of the knee cases had had four arthrotomies, 
two courses of intra-articular sodium _ penicillin 
(10,000 units in five days and 80,000 units in eight 
days,) a course of 25 gms sulphathiazole and in 
desperation daily lavage of the infected joint with 


acriflavine and a series of blood transfusions. He . 


continued with intermittent pyrexia for three 
months, by which time he was extremely ill and 
emaciated, A culture showed streptococci reported 
as completely sensitive to penicillin, together with 
an insensitive gram negative bacillus. 

After a further arthrotomy in which three ounces 
of pus were evacuated from the knee, he was nursed 
lying continuously on his face for eight weeks. On 
two further occasions small pockets of extra-arti- 
cular pus were drained, He had in this period two 


blood transfusions but no form of chemo-therapy - 


whatsoever, In ten weeks he was walking on crut- 
ches and had regained his lost weight, the knee 
wounds had healed and the joint was quiet. He 
remains ambulant. 


Blood Transfusion in Chronic Toxzemia 

The chronic toxemic patient always develops 
secondary anaemia and a decrease in blood protein. 
Few of our cases had the blood protein estimated, 
but figures were recorded of between 6.5 and 8 gms 
per Cent, 


Haemoglobin readings ranged between 37 per cent 
and 51 per cent. 


Transfusion of whole blood was used. to combat 
anaemia, Fresh blood was found to be desirable 
and was always used citrated, 


When toxaemia and anaemia have persisted for 
many weeks, degenerative changes occur in the 
cardio-vascular system, as is proved by cases that 
come to P.M, If long continued, anaemia and tox- 
aemia cause myocardiac degeneration and changes 
in vascular endothelium, permitting increased per- 
meability. Under these circustances blood transfu- 
sion may be dangerous; it may lead to acute cardiac 
dilatation oedema of Jungs, and death from over- 
loading of the circulation, For this reason, when 
toxseemic cases are transfused, it is absolutely essen- 
tial for blood to be given very slowly, about 20 drops 
per minute, Some authorities prefer to give a series 


of smal] intermittent transfusions of only half a pint 


at a time at intervals of a few days. 

The general condition of patients was usually 
vastly improved by transfusion, as shown by re- 
covery of appetite and improved mental outlook. In 
some cases pyrexia fell immediately afterwards, and 
from that time remained normal, Amounts of one or 
two pints of fresh citrated blood were given by slow 
continuous drip at weekly intervals until hemoglo- 
bin, was between 70 and 80 per cent, Rigors were 
not common, but one case had a temperature (104) 
after blood, and lost his old continued pyrexia from 
that time. 


In conclusion, careful attention to diet, the admi- 
nistration of vitamins, iron preparations, and expert 
nursing were important factors making for recovery 
in these cases of chronic toxemia, without the pro- 
longed and skilled devotion of the nursing staff many 
of such ill cases could not have recovered, 


SUMMARY 


(1) A short series of chronic septic war wounds 
with toxemia is reviewed, 

(2).The maiority of cases had heavily infected 
and large multiple wounds involving bone and 
joints, 

(3) In the treatment of these cases. surgical 
drainage was needed in 86 per cent. 

(4) The peculiar difficulties of surgical] drainage 
of the knee joint and the advantages of postural 
drainage are described. 

(5) It.is pointed out that chemotherapy in chronic 
sepsis is of itself of little value until surgical 
drainage is efficient, ; 

(6) The risks ef blood transfusion in chronic 
sepsis are minimised by the slow administration of 
blood, Its advantages are endorsed. 


Major-General Mitchiner 

We have to thank Colonel King for a complete 
exposition of the well-known engineering principle 
that if you want to empty a tank, it is advisable to 
do so from the lowest part. 


CHRONIC SEPSIS WITH TOXEMIA IN WAR WOUNDS 


Brigadier Rowley Bristow 


I would just like to pay tribute to what Colonel 
King has said, because I had the privilege of going 
round the hospital with 
of these cases, and hearing of some of the results 
he was getting, particularly in dependent drainage 
of the knee. I have been privileged to spread that 
' gospel in other quarters, where it has been very 
well received. This problem is fortunately at the 
present time not very prevalent amongst cases as 
they came back to us in England, I was the other 
day at a centre which receives cases from Belgium, 
and they had had 15,000 patients in transit. Of that 
number 78 were penetrating gunshot wounds of 


him last year seeing some © 
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the knee. Roughly half were without bone involve- 
ment. Twenty-two had bone involvement of the 
tibia similar to Colonel King’s picture, and 22 had 
involvement of the lower part of the femur. 
Actually they had had to carry out four amputa- 
tions. Two of these four had gas gangrene, one 
following ligation of the popliteal artery, and two 
only wére amputated for sepsis. As regards aurs- 
ing patients in the prone position, I entirely agree 
with Colonel King, After the first two or three days 
the patient gets used to it and the problem presents 
no great difficulty. I would express thanks to the 
reader of the paper and cordially agree with his 


findings. 


ABSTRACT OF TREATMENT OF 1,000 JAW WOUNDS 


Major PATRICK CLARKSON, RAMC, 
Major T. H. H. WILSON, A. D. CORPS 


and 


Capt. R. S. LAWRIE, RAMC. 
(Read by Major Patrick Clarkson) 


This paper describes 1,000 jaw fractures treated 
in two years, They represent the jaw fractures in 
over 3,000 maxillo-facial casualties treated by the 
unit. These jaw casualties come from the Tunisian, 
Sicilian, and Italian campaigns, 


Site of Work and Development of Forward 
Maxillo-Facial Surgery 


In North Africa, the ‘cases were received late. 
Intermediate and long-term treatment was given at 
the main base at Algiers. Specialised forward treat- 
ment was limited to dental] fixation. 


In Italy, the early treatment of the soft tissues 
was developed at a general hospital functioning 50 
miles from a static front. This treatment comprised 
(as well as the fixation of the bone fragments) the 
primary closure after excision of wounds suitable 
for it (20 to 30 per cent of all M.F. casualties). It 
also provided specialised anesthetist services by 
which accidental deaths are avoided in these cases. 
Subsequently, a section moved with the Army to 
continue this work, with special reference to early 
return to duty (in four to eight days) after excision 
and suture of suitable facial wounds. 


Scope of Analysis 

The present analysis is primarily concerned with 
determining rates of union and incidence of infec- 
tion in different types of fracture, andthe influence 
on these of :— 


1. Time and type of jaw fixation. 
2. Treatment of the comminuted bone fragment. 
3. Treatment of the involved teeth. 


Type and Cause of Injury 

Seventy per cent of these 1,000 cases were 
missile wounds, of these mortar caused about 40 
per cent, shell and gunshot 30 per cent each, and 
grenades and bombs less than 5 per cent each. 


Closed injuries were 30 per cent of these cases; 
these were mostly accidents (including © battle 
accidents). 

Six hundred of these 1,000 cases were seen 
through to union and return to duty in the Mediter- 
ranean Forces; 400 were evacuated to U.K. after 
one to two months’ treatment. 


Principles of Treatment 


Treatment adopted fell into three phases, early, 
intermediate and _ late, 
EarLy TREATMENT 

The more that is done early, the less has to be 
done later and the quicker is the final repair. 

(a) Fivalion.—Early fixation was by wire or, for 
the minority, splints. Fixation should be uder- 
taken during the first two days; but intermaxillary 
fixation (I.M.F.) should be delayed in presence of 
damage to tongue and pharynx with much swell- 
ing, and in presence of nasa] obstruction. 

(b) Comminuted Fragment.—At primary oper- 
ation a meticulous removal of all displaced bone 
in the tract and around the fracture site is done. 
Bone fragments at fracture site which might live 
are always left. In maxillary fractures there is 
great conservatism with major alveolar fragments 
and with the floor of orbit; this is combined with a 
radical removal of comminuted antral. wall, and 
establishment of large nasa] antrostomy when the 
missile has not already done this. 

(c) Teelh.—tIn accidental fractures all involved 
teeth except, firmly imbedded eights are removed 
at primary operation, For comminuted shell frac- 
tures a more conservative policy is adopted except 
for loose teeth and those easy to extract. 

(d) Soft Tissues.—Clean wounds, including phar- 
yngeal wounds, of up to 24 to 36 hours old are 
treated by a meticulous and minimal excision and 
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the best cosmetic closure that can be done without 
prejudice to any late repair which may be neces- 
sary. Up to 30 per cent of cases are suitable for a 
primary final repair. Mandible fracture sites are 
drained through the wound, Separate stab drains 
are not used. Hemorrhage has always been con- 
trolled by a local attack on the bleeding point. 

(e) Feeding.—In difficult cases Ryles Tube is used 
for one to three weeks to maintain nutrition. Only 
four gastrostomies were done in 1,000 cases. 

(f) Airway.—It is sound military practice to do 
a tracheotomy on any M.F, casualty with upper 
respiratory obstruction not relieved by a toilet of 
mouth, pharynx and nose, especially under busy 
conditions or when evacuation is unavoidable. 

It must be done: (1) in emergency, for acute respi- 
ratory obstruction if a tube cannot be passed; (2) 
in wounds of pharynx or larynx after primary 
closure; (3) when Inter Maxillary Fixation is neces- 
sary in presence of gross intraoral damage or nasal 
obstruction, 

Laryngotomy is reserved for cases of most ex- 
treme emergency. 


INTERMEDIATE TREATMENT 

This is the treatment of infective complications 
of bone and teeth, and the provision of definitive 
fixation by splints for most of the cases fixed early 
by wire. Conservative sequestrectomies without 
radical exposure are done during the first six to 
eight weeks. A smal] minority of wounds not then 
dry are explored radically and al] bone not cer- 
tainly living cleared out, 


Secondary hemorrhage: There were six arterial 


gushers (1 per cent) of missile wounds) in this series, 
All were controlled by proximal] ligation of the ex- 
ternal carotid on the same side. None died. 


LATE TREATMENT 


In Algiers and Naples, this has consisted of scar 
corrections which have been done one to four 
weeks after final healing, cancellous chip bone 
grafts, one to four weeks after healing and two to 
three months after the day of wounding, and epi- 
thelial inlays for 5 per cent the missile wounds 
returned to duty in this theatre. 


Methods of Treatment 

Wire, which has been used for 500 cases, has been 
the routine method of early fixation, Splints have 
been used for 397 cases (847 splints fitted). Most 
cases treated early by wire have been changed 
on to splints during the intermediate phase of 
treatment. Splints have been used for forward 
primary fixation only in presence of scanty denti- 
tion, unusual occlusion, and_ certain multiple 
fractures, The chief disadvantage of forward splint- 
ing as a routine early treatment has been that teeth 
have been included in the splint which have to be 
later extracted, Furthermore, construction of splints 
is best left to more deliberate conditions where the 
case can be held and fully X-rayed. 


Per-alveolar and circumferential wiring has been 
used for 45 edentulous cases; external Roger Ander- 
son pins for 15 cases with posterior edentulous frag- 
ments compound into the mouth; interosseous wir- 
ing for 15 cases of angle fracture not compound into 
the mouth; and headcap fixation for 38 cases of 
maxillary fracture. These methods are discussed, the 
results, and the role in which they were used are 
described, 


Results 


Both shell and accidental linear fractures of the 
horizontal ramus involving teeth united in 45 days. 
In both groups the effect of comminution was to 
prolong union time, but only by about’ 20 days. The 
slight to moderate degrees of comminuted fractures 
united in 62 days, the grossly comminuted shell 
wounds united in 64 days. The result in both 
accident and shell groups of delay in fixation was 
to prolong the union times for one to three weeks; 
the more comminuted the fracture, the more adverse 
was the effect both on union times and incidence 
of infection of late fixation and surgery. 


Union delayed beyond 90 days was present in 
seven cases in the accidental group, all these cases 
united in 150 days, 


In the angle fractures involving teeth the effect 
of comminution is the same, Union times vary from 
39 days for linear fractures, to 59 days for shell- 
comminuted fractures. As was the case of the hori- 
zontal ramus, fractures with comparable degrees of 
comminution show similar union times whether the 
cause was a blunt injury or a missile. 


Ascending Ramus, Condyle and Coronoid Frac- 
tures.—There were 49 fractures of the ascending 
ramus, 128 fractures of the condyle, and 25 fractures 
of the coronoid. All fractures of the condylar neck 


returned to duty in a month after three weeks im-— 


mobilisation, Trismus was -a major complication 
only in the coronoid wounds. 


There were 59 cases of incomplete fractures of the 
mandible. A high proportion of these cases were 
returned to duty within a week following radical 
bone clearance and primary closure. 


Fractures of the Maxilla.—Eighty per cent. of 260 
maxillary fractures were due to missile wounds. 
Twenty per cent. of the shell wounds had mobile or 
floating maxille, and were treated by intermaxillary 
fixation and P.O.P, headcap fixation. These all 
united clinically after a month’s fixation even ip 
those cases where fixation was delayed for a fort- 
night. Fifteen per cent, of shell wounds showed evi- 
dence of antral disease, but in only 2 per cent. was 
the condition chronic, For these a Caldwell Luc 
operation was done after six weeks. In the acci- 
dental fractures antral infection was 8 per cent. 
and 4 per cent, had Caldwell Luc operations, This 
incidence of antral disease covers only the first 
three months. 


Deaths.—There were 33 deaths in the series, In 
only 15 was the maxillo-facial injury the cause of 
death, In nearly all the others the cause of death 
was an associated neurological injury. 


In mortality of the pure M.F. injury was 15/1,000, 


1 to 2 per cent.; about 1.5 per cent. for missile 
wounds, and less than % per cent. for closed 
injuries, The pure M.F, deaths were more common 
in the first week than after the first week. 


The mortality from the pure mandibular wound 
was less than % per cent.; from the closed mandi- 
bular injury, none in this series. In cases that reach 
C.C.S. level the chances of death early are greater 
than late, Respiratory obstruction and hemorrhage 
are the cause of death in the first week; respiratory 
complication are the commonest cause after the 
first week. 


— 
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Discussion. 

Time and Type of Fixation.—Evidence presented 
shows that fixation (combined with thorough sur- 
gery) within two days is desirable because union 
times average 20 days earlier than when fixation is 
delayed beyond the second day. The incidence of 
inflammatory complications in cases fixed early is 
reduced by 60 per cent, The more gross the com- 
minution, the more marked is the benefit of early 
fixation. 


Type of fixation: The experience of this unit is 
that splints give the best fixation, but that wire is 
usually best for early forward treatment. 


The Comminuted Fragment.—In jaws fixed within 
a week this is the most important single factor in 
determining the period of union, But with orthodox 
and thorough treatment the effect of comminution 
is not great, only about 20 days’ delay in union 
times, 


Ninety cases of diffusely comminuted fractures of 
tooth bearing horizontal rami have been followed 
to union in average of 60 to 65 days. These cases 
have not been treated by radical clearance of all 
comminuted fragments, but only by a thorough re- 
moval of all obviously dead fragments and dead soft 
tissues, combined with early firm dental fixation. 
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Time of Extraction of Involved Teeth.—Extrac- 
tions of involved teeth at primary operations have 
been conservative for the comminuted shell frac- 
tures, and routine for the linear accidental fractures. 
Late extractions have been done to remove the cause 
of chronic infection and never for the purpose of 


~ averting it, In 480 cases of fractures involving teeth 


these late extractions were necessary in 15 per cent. 
of the cases. 


Penicillin.—There ‘is no evidence that parenteral 
penicillin has reduced infective sequele in a frac- 
ture which involves teeth and communicates with 
the mouth, but for early facial closure penicillin can 
definitely reduce the incidence of suture line 
infection. 


Major-General Mitchiner 


On your behalf and my own I extend to Major 
Clarkson grateful thanks for such a complete expo- 
sition of the hard work he and his dental colleagues 
have done, for which many men will be grateful, 
and their women-folk as well. On Monday I under- 
stand that Lt-Col, Raven’s paper on “Factors 
Influencing the Closure of Battle Wounds” was 
unavoidably held over. Brigadier Edwards allows 
me to say that this is a good time to ask Colonel 
Raven to deliver his paper if he is here and 
prepared to do so. 


FACTORS INFLUENCING THE CLOSURE OF BATTLE WOUNDS 


Lt.-Col. R. W. RAVEN, RAMC 


The surgical management of wounds sustained in 
battle has undergone considerable evolutionary 
change during the development of the war, with 
obvious and marked benefits to the patients. Those 
who have studied the end — results of the various 
methods of treatment employed both now and in 
the past cannot be otherwise than impressed with 
the present technique, Wounds are now soundly 
healed after a period of two or three weeks as 
compared with the two or three months with other 
methods; the quality of the healed scar is superior 
to the extensive scarring which resulted from heal- 
ing from granulation, and patients who used to be 
evacuated to base hospitals with the possibility of 
going to the United Kingdom are now sent to con- 
valescent depots with the probability of returning 
to active duty, The conservation of effective man- 
power is therefore obvious, Another notable feature 
is the marked reduction in the incidence of foul, 
suppurating wounds with the presence of costitu- 
tional toxzmia, The surgical vision of surgeons of 
the 1914-1918 war has been vindicated, and the 
truths propounded by them concerning the closure 
of wounds have been recovered, Let us hope that 
the lessons we are learning during the present war, 
in surgery and in other fields of human endeavour, 
will never again be lost sight of. 


In the planned treatment, culminating in the 
successful closure of battle wounds of all types, two 
surgical teams make a contribution of equal impor- 


tance. We pay tribute to the excellent work of 
colleagues in forward areas resulting in patients 
reaching base areas in a suitable condition for clo- 
sure of the wound to be sucessfully performed. The 
results in a series of cases are set out at the end 
of this paper. The main object of this communica- 
tion is to bring forward the factors which have 
contributed to the success achieved. 


The Primary Operation in the Forward Area 


There are certain important factors in the conduct 
of the primary operation which influence the subse- 
quent treatment and the following are reiterated, 


Adequate incision of the wound 


This applies to skin and deep fascia; free drainage 
of the depths of the wound must be established. If 
possible, the skin incision should be planned with 
a view to early closure. No skin which is likely to 
be useful must be sacrificed. Longitudinal incisions 
are preferable to transverse incisions in the lower 
extremity; two incisions transecting each other are 
very unsatisfactory and the skin flaps should not be 
sutured back otherwise nutritional changes occur . 
in the skin, Muscles involved in the wound are 
‘decompressed and tissues irreparably damaged 
should be excised. It is our opinign that metallic — 
foreign bodies should be removed if possible. Pieces 
of clothing are frequently attached to shell fragments 
and they are a potent source of infection, We have 
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operated upon a number of such cases, in fact the 


majority of wounds which we found unsuitable for 
delayed suture without further treatment were due 
to these metallic fragments, The difficulties attend- 
ing their accurate localization in forward areas are 
obvious, but the ill-effects of ‘their presence, 
especially in wounds involving bone or joint, are 
stressed. In the dressing of wounds, vaseline gauze 
coverings and vaseline gauze packs are best avoided, 
dry gauze with cotton wool held in position by a 
well-applied calico bandage or plaster bandages 
forms the best dressing. Dressings must on no ac- 
count be disturbed to inspect the wound along the 
line of evacuation unless some complication is 
present which demands urgent surgical treatment. 
No examination of the wound is made until the 
patient is in the operation theatre for delayed suture. 


Treatmet in the Base Area 


It is advisable for the patient to reach the base 
area for delayed suture during the period three to 
seven days following the primary operation, We 
have closed wounds successfully long after this 
period has expired but in the period named the 
tissues are in the optimum condition for closure. 
Credit is due to the medical administration for the 
successful evacuation of casualties which has ensu- 
red that the majority of patients have been brought 
back so quickly, In the base area there are certain 
factors to be considered and are dealt with as 
follows :— 


The General Health of the Patient 


The factors which contribute to the maintenance 
of general health must be studied, especially in 
patients with extensive wounds. 


The Water Balance of the Body 

This is frequently deranged in the severely 
wounded man, and must be corrected early, Abnor- 
malities in this respect exert deleterious effects upon 
the healing of wounds. In anhydreemia there is a 
decrease in the blood volume, peripheral vasocons- 
triction, increased viscosity and stagnation of the 
blood with decreased volume flow through the 
tissues leading to anoxia, and malnutrition of the 
wound. Sub-oxidation decreases the rate of tissue 
metabolism, altering the form, speed and direction 
of the chemical reactions responsible for healing. 
The effects of hyper-hydration are similar to those 
of anhydremia, the tissue oedema which results 
interferes with venous return and congestion occurs. 


The Blood Picture 

Protein Deficiency 

This condition is a manifestation of a poor nutri- 
tional state, and must be suspected in patients who 
have suffered from an acute injury, severe heemor- 
rhage, or when other lesions, such as severe burns, 
are present which cause extensive plasma loss, In 
patients thus affected delayed wound healing or 
disruption of the wound are seen, There is sub- 
normal fibroplasia; in experimental wounds it was 
shown that fibroblasts did not appear until the 
seventh day. In the interpretation of plasma protein 
determinations two pitfalls are to be remembered. 
Dehydration increases the value for the total protein 
as well as the albumen, thus masking the presence 
of a true deficiency. The total amount of circulating 
plasma protein may be reduced, yet, because of 
dehydration, concentration may approach the nor- 
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mal, Secondly, the measurements of total protein 
may be normal in spite of the albumen fractions 
being markedly depleted, These pitfalls are avoided 
by obtaining hematocrit values and by carrying out 
fractionation, In the correction of milder degrees of 
hypoalbuminzmia dietary replacement may be su: 
cient. Thus the patient is placed on a high protein 
diet with foods containing all the essential amino- 
acids, such as milk, lean meats, egg proteins and 
soya bean protein. In more severe deficiencies re- 
placement by means of plasma transfusions is neces- 
sary and adequate amounts must be given. The oral 
and intravenous administration of amino-acids is 
important and valuable. Our American colleagues 
are carrying out work on this subject with interest- 
ing results. The use of amigen and other compounds 
will replace much of the excessive loss of nitrogen 
which follows trauma. 


Secondary Anzmia 


This condition is frequently seen in patients with 
severe wounds and must be corrected as early as 
possible, In such cases it is our practice to institute 
blood transfusion if the haemoglobin content falls 
below seventy per cent. 


Acidosis and Alkalosis 


The reaction of a healing wound is acid and the 
vasodilatation esséntial for wound healing is main- 
tained at p.H. values between five and seven, Above 
and below these p.H. levels vasoconstriction occurs. 
In the healing process vasodilatation and a moderate 
degree of acidity are probably responsible for the 
exudation of cells and plasma colloids from the 
blood capillaries. Proteins, such as fibrin, are essen- 
tial for the formation of the bridge-work of wounds. 
Further, the action of autolytic enzymes is dependent 
upon an acid reaction and this also facilitates repair 
by producing more complete dissociation of oxygen. 
The interesting observation has also been made 
that the wounds of animals fed on an alkaline diet 
swarm with bacteria, 


Vitamins. Experimental evidence has _ been 
adduced concerning the role of vitamins A and C 
in wound healing, but it is probable that vitamin 
lack must be of long duration before deleterious 
effects are produced in wounds. This deficiency, if 
present, can be easily remedied. : 


Fever and Toxemia. This denotes the presence of 
suppuration in the wound probably due to retained 
foreign material with inadequate drainage. It is 
corrected by the appropriate surgical measures 
combined with penicillin therapy, both local and 
general over a period of three days, At the end of 
this time we have found that the wound is suitable 
for delayed suture, 


Closure of the wound by delayed suture 


Every effort is made to ensure that the patient is 
in the optimum general condition when this proce- 
dure is carried out, In all cases of penetrating 
wounds and all wounds of bone and joint radio- 
logical examination is made to localize metallic 
foreign bodies and assess the extent of bone damage. 
In carrying out the operation the following techni- 
‘al factors are important. 


Preparation of the skin 


In the majority of battle wounds the skin around 
is infected, Bacteriological examinations have been 
made in a series of twenty wounds in order to 
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determine the type of infection which is present. 
In four cases the skin was sterile; B. subtilis was 
isolated in ten cases; staphylococcus aureus in four 
cases; diphtheroid bacilli in three cases; staphy- 
lococcus albus in two cases; micrococcus tetragenus, 
in one case, and coliform organisms in one case, It 
was also found that the wound may be sterile and 
the skin around it infected. Meticulous care is given 
to the care of the skin around the wound in order 
to provide a sterile field of operation. The following 
routine is carried out in all cases, Any hair which 
is present is shaved off a wide area around the 
wound, and the whole limb or other region inyolvy- 
ed is washed with soap and water using a brush 
followed by ether methylated, and lastly surgical 
spirit is applied over a wide area around the wound, 


The Surgery of the Wound 


The wound is gently mopped with warm normal 
saline to remove any exudate or blood clot. It is 
advisable to extract metallic foreign bodies, espe- 
cially those more than one quarter inch in size, 
unless this entails extensive dissection, This applies 
with greater force in wounds involving bone. 
Traumatized and devitalized tissues are excised, for 
if left behind numerous islets of necrosis occur. The 
presence of each ligature also produces an addition- 
al islet of necrosis. It is unnecessary to ligate the 
smallest blood vessels; these can be controlled by 
the pressure-dressing applied at the end of the 
operation, The wound is incised at both ends so 
that these extremities can be accurately approxima- 
ted, The skin edges are freshened by removal of a 
small strip of tissue one eighth inch wide using 
scissors, care being taken that healthy skin is not 
sacrificed unnecessarily. Bacteriostatic chemicals 
must be used with care. The wound is powdered 
with penicillin-calcium sulphathiazole powder which 
is gently massaged into the tissues so that it reaches 
all parts of the wound. Sufficient powder to provide 
a thin coating over the tissues is used, In massive 
wounds involving bone it has been our practice to 
supplement local penicillin-sulphathiazole therapy 
with a course of parenteral penicillin sodium. In 
wounds of joints the solution is injected into the 
joint cavity. The wound should be sutured without 
tension in order to avoid necrosis at the suture line, 
hence, undercutting of the skin and subcutaneous 
tissue to varrying degrees may be necessary. Closure 
of the skin is carried out with, interrupted sutures 
of finest Nylon material using fine cutting needles. 
Nylon is superior to thread and other forms of suture 
material. The needle is entered through the skin one 
quarter inch from the edge, and the sutures are 
spaced three eighths inch apart. No buried sutures 
are employed, and accurate apposition of the skin 
edges is essential, We seldom drain a wound; in any 
case a large drainage tube should not be used as it 
acts as a foreign body. For the obliteration of dead 
spaces we rely on a pressure-dressing applied eare- 
fully. During operation, steps are taken to prevent 
air-borne bacterial contamination of the wound. 
Dehydration of the wound from excessive exposure 
to the warm, dry air of the operation theatre and 
the heat of the lamps should be avoided. If much 
tension is required to close a wound, partial suture 
is performed, leaving the middle part to be covered 
with a skin graft after a few days. Every effort is 
made to cover the exposed tissue as soon as pos- 
sible. 
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Dressing of the Wound 
Care of the Skin 


Blood clot is removed with saline, the skin is 
dried and lightly powdered with proflavine powder 
followed by surgical spirit. ‘The skin around the 
wound is covered with a fine layer of a mixture of 
zinc cream and icthyol in equal parts, The prep- 
aration is valuable in the treatment of the “ blotting 
paper” type of skin surrounding certain wounds. 
A double layer of dry gauze is placed over the area, 
covered with a liberal amount of cotton wool and 
the part is firmly bandaged using calico bandages. 
By this means dead spaces are obliterated, tissues 
are supported, and the part is kept at absolute rest 
until the sutures are removed on the eighth post- 
operative day. 


In certain situations such as the antecubital and 
popliteal fossac tension in wounds is diminished by 
flexion of joints, the position of the limb being 
maintained by plaster bandages, The dressing should 
not be touched until the sutures are removed, unless 
there are indications for inspection, and this should 
be carried out in the operation theatre. After sutures 
are removed two or three days are allowed for 
consolidation to occur thereafter rehabilitation is 
instituted. 


A study has been made concerning the results of 
delayed suture in 291 consecutive patients; 61 of 
these had multiple wounds so that the number of 
wounds treated is 417. The series has been divided 
into two groups, A — Wounds of soft tissues and 
B — Wounds of soft tissues and bone. The results 
are set out in the following tables: — 


Table 1. Wounds of Soft Tissues. Total number 3638. 


Degree of healing 


79-709, 


100 % 99-90% | 89-80% Below 69% 


Now %: |p Now|. %.-| Newt Nos bi 9 Nog |) & 


316 | 870] 41 |11.2} 3 |0.8 | 0 0 3 0.8 


It will be seen from the: figures in table 1 that in 
98.2 per cent of cases healing of the wound to the 
extent of 90 per cent and above occurred. 


Table 2. Wounds of Soft Tissues and Bone. 
Total number 54, 


Degree of healing 


79-70% 


100% | 99-90% | 89-80% Below 69% 


Now iM. Wes st Next 94 WING} “Oe Bee ine 


35 | 64.8 


{e199 3\ ose) Fret 4 ee 


It will be seen from the figures in table 2 that in 
87 per cent of cases with wounds involving bone 
healing to the extent of 90% and over occurred. As 
expected the end - results when bone js involved are 
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not so good as when soft tissue alone is affected. 
All the same the healing figure for bone cases 1s 
most gratifying. 


Conclusions 


The factors concerned in the successful closure 
of battle wounds are discussed in detail. The ope- 
-rative treatment is divided into two stages — the 
initial operation conducted in the forward areas 
and the second operation at the base. The planned 
treatment involves meticulous attention to detail. 
The maintenance of the patient’s general health 
plays an important part in the healing of wounds. 
The results achieved are most gratifying, represent- 
ing as they do a marked conservation of man- 
power and diminished morbidity. 


j 
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Appendix 

The results achieved represent the work carried 
out in the Surgical Division by Major T. Levitt, 
Captain D. G. Morris and the writer, ably assisted 
by all the other members of the team—surgical and 
nursing. I wish to express my thanks to Colonel 
W. A. Y. Knight, A.M.S., for kind permission to 
publish the statistics. 


Major-General Mitchiner 


IT am sure you will wish me to thank Colonel 
Raven for so emphatically and forcefully reminding 
us of the principles governing the surgery of the 
closure of wounds. I would ask Capt T. B. McMurray 
to speak on parachute injuries of which I understand 
he has considerable personal experience! 


INJURIES AROUND THE ANKLE JOINT OCCURRING IN PARACHUTISTS 


Capt. T. B. MCMURRAY, RAMC 


A large proportion of parachutists become casual- 
ties before they get the chance to take part in a 
battle. Dropping accidents occur both in practice 
and combat jumps, and the potential accident rate 
is of tremendous importance when planning an 
operation. 


By teaching the men how to land the casualty 
rate has been considerably reduced. 


The modern method of landing as taught to the 
potential parachutist is very simple. It has two 
main rules. First that the feet, ankles and knees are 
kept tightly pressed together, to that at the moment 
of landing the weight is evenly distributed between 
both lower limbs. 


Secondly the recruit is taught that he must not 
try to land standing up but must collapse into a 
roll. This takes a lot of training, but is essential 
since the roll with its momentary foot balance 
takes considerable strain off ankles and knees. 

Owing to the unevenness of the ground; excessive 
drift or oscillation due to wind, or that the man has 
opened his legs during the descent, one foot may 
hit the ground first or hit it a glancing blow. This 
‘often causes sufficient damage to make him a 
casualty. 

There are several injuries peculiar to parachuting, 
but by far the greatest number occur in the region 
of the ankle joint. These must be considered from 
two points of view. 


First is whether the injury is so severe as to pre- 
vent him getting off the dropping zone by himself 
without the aid of others for unless he is able to do 
this he stands a good change of being picked up 
by the enemy. 


Secondly is the problem of whether, after 
treatment, he will be able to be classed as a fit 
parachutist, and -what will be the period of 


his disability. This is of importance, since C.O.s 
are always anxious to know whether it is worth 
while keeping an injured man on the strength of 
their units. 


In assessing the immediate disability of an injury 
in the region of the ankle joint the cases fall natu- 
rally into two groups. Those where the trouble 
affects the weight bearing line and those’ where it 
does not. 


In the latter group the disability does not prevent 
his locomotion initially but may have effect later, 
while in the former he is unable to walk from the 
time of injury. 

This is seen particularly in fractures of the fibula, 
where a man will walk a considerable distance 
until such a time as effusion takes place into the 
ankle joint and weight-bearing on this foot causes 
stretching of the capsule anteriorly and: consider- 
able pain. 


Fractures in this region are common, and do 
not differ much from every-day accidents. There 
are however two facts worthy of note. 


First, fractures of the astragulus are rare in 
parachutists. In two years I only saw one due to 
a parachute drop. 


Secondly, there is a specific parachute fracture 
described by the Americans, It is a fracture of the 
lower third of fibula with backward subluxation of 
the astragulus and fracture of the posterior lip of 
the tibia. This is often unaccompanied by damage 
to the internal malleolus or to the medial collateral 
ligament. Sprains of the ankle have seven common 
possible components. 


1. First and most common is thé strain of the 
anterior fasiculus of the external lateral ligament. 
One can usually see the characteristic hamatoma 
eight minutes after the accident has taken place. 
The disability is slight and the condition cures 
itself in five days. The important thing is to keep 
the ankle moving, and the man is encouraged. to 
use it to the full. We did not find local anzesthetic 
to be of much value, 

2. Strain of the attachment of the external lateral 
ligament to the external malleolus. This is a more 
serious condition and requires strapping in eversion 


ANKLE INJURIES 


with a pad of felt under the outer side of the heel. 
After this has been done the man can continue 
walking, with frequent rests, until such a time as 
effusion into the ankle makes this impossible. 


It usually takes about three’ weeks until he is 
completely free from symptoms. 


Rupture of the external lateral ligament is accom- 
pained by early cedema and massive bruising, and 
these cases will not weight-bear even in the most 
stimulating of circumstances. 


3. Strain of the inferior Tibio+Fibial Joint.—This 
is by no means an uncommon component of the 
sprained ankle. It is probably caused by forced 
dorsi-flexion of the ankle joint. Normally in the 
erect standing position the weight is borne from the 
under surface of the tibia directly onto the upper 
surface of the astragulus, but when the foot is dorsi- 
flexed, as in walking, considerable strain is thrown 
onto the ligaments supporting the inferior tibio- 
fibial joint, and if this is strained it may give rise 
to a lot of pain. The interesting fact about’ these 
cases is that they often find it easier to run than 
walk. It is impossible to diagnose this condition by 
X-ray, since the displacement is minimal, but it may 
easily be recognised by a simple test. 


The malleoli are strongly pressed together by the 
palms of the hands with smigers interlocked behind 
ihe ankle joint. 


The foot is then gently pushed up into dorsi- 
flexion. Pressure over the malleoli is now suddenly 
released, and the patient feels a spasm of pain right 
across the ankle. 


By this method it is possible to distinguish be- 
tween this condition and fluid in the joint, since 
the pain of the latter comes on during the movement 
of dorsi-flexion and is usually diminished when one 
lets go. 


During the early stages of this condition, as long 
as the foot remains in plantar flexion, presenting 
the narrow posterior end of the articulating surface 
of the astragulus to the tibio-fibular mortice, the 
patient remains comfortable. Therefore, if the heel 
is raised by placing a one and a half inch pad under 
it inside the boot, one can expect a fair amount of 
walking during the next four hours. 


The treatment is simple. Rest in bed, with eleva- 
tion initially to reduce cedema, and active non- 
weight-bearing exercises after 48 hours. It is essen- 
tial, however, to keep the patient in bed until forced 
dorsi-flexion no longer produces pain, ‘otherwise 
they often complain of pain for many months, par- 
ticularly after long marches. 


The more severe condition of complete diastasis 
without bony damage is also seen; it is due to back- 
ward dislocation of the astragulus. It is easily recog- 
nised by means of a pair of machine calipers placed 
over the malleoli. The normal play during the move- 
ment of the ankle from plantar to dorsi-flexion is 
under { in., but may be as much as é in. In diastasis 
the range is increased and comparison of the two 
ankles will soon show it up. 


The condition is crippling in its immediate effects, 
and later due to instability. 
4. Strain of the Internal Lateral Ligament is also 


a frequent accompaniment of lesions around the 
ankle-joint. It is always a subsidiary factor to a 
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more severe lesion on the outer side. In fact, if 
there is tenderness present over the internal lateral 
ligament and none over the external, it is almost 
els pas of a fracture of the fibula at a higher 
level. 


5. Tenosynovitis of the Tendon Achilles of 
traumatic origin sometimes accompanies severe 
ankle injuries and also may appear by itself. The- 
point of maximum tenderness is near its insertion 
into the oscalcis. It is usually.caused by forced 
dorsi-flexion and is not seriously incapacitating. 


6. Tenosynovitis of the Long Extensors of the 
toes. It is caused by forced plantar flexion. It is 
characterised by fluctuant swellings above and 
below ‘the anterior annular ligament. This may give 
rise to a lot of trouble, particularly if the patient 
has to wear boots. It subsides in two or three days 
with rest, and if he wears gym shoes during the 
next four days it usually prevents:a recurrence. 


Tenosynovilis of the Tibialis Posterior may 
also occur, but it is secondary to other conditions 
and rarely gives any trouble. 


It has been found necessary in action to leave 
dropping casualties where they lie, since medical 
orderlies during the initial period of landing have 
to carry a large personal load of vital supplies. For 
this reason we are equipped with a type of walking 
caliper which can easily be fixed to a man with a 
damaged ankle and make him mobile enough to get 
himself off the dropping zone. 


Major-General Mitchiner 


I am sure you will wish me. to thank Capt Mc- 
Murray for his able discourse on parachute injuries. 
Before vacating this chair to Brigadier Edwards, I 
would thank you for having done me the honour 
of allowing me to occupy it this afternoon. 


Brigadier H. C, Edwards 


I should like to take this opportunity, the last one 
I shall have, to say one or two things. The question 
of the meeting tomorrow—there is some misunder- 
standing as regards officers commanding field 
surgical units. Such officers still in Rome we shall 
be glad to see present. I have been asked what is to 
be done with the material discussed at this con- 
ference. It is proposed, and I hope it will be pos- 
sible, to put into book form the various papers and 
also the discussions, and Colonel Latchmore has 
gathered them together for this purpose. If anyone 
would like to alter his material, perhaps he would 
communicate with myself or Colonel Latchmore, but 
I would remind you that what you have said is 
going down. Colonel Latchmore asked me if I would 
let you have the papers back. Not on any account! 
You will no doubt have copies of your papers, and 
if you edit these and send in the new edition, please 
do so as soon as you are able. 


Before asking General Stayer to close this con- 
ference, I would just like to express your thanks to 
the large number of people who have been helping 
so heartily with this event. I have to thank Brigadier 
Low of the Rome Area Allied Command, Colonel 
Douglas Inch, ADMS, and his indefatigable DADMS, 
Major MacLeod. I would also wish to thank Signor 
Gasparni for letting: us have the use of this hall, 
and Professor Pantaleoni for the loan of the photo- 
graphic apparatus. I would also like to thank the 
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Commanding Officers of the Rome Hospitals, Colonel 
Russell, Colonel Garraway, Colonel Croft. Colonel 
Croft has turned his hospital into a hostel for this 
meeting. Also Colonel Kirk-Bryce, commanding the 
30th Indian Hospital, and to others like Major 
Toland, in charge of the Information Bureau, Lt.- 
Col. Rodgers, who has done many things (when he 
agreed to look after the lavatory accommodation I 
realised the versatility of the British surgeon), 
Lt.-Col. Latchmore and Capt. MacLean. Behind these 
doors are many people working, and we have a 
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body of other ranks to whom I would like to ex- 
press your gratitude, Amongst them, S/Sgt. Evans, 
who has made his sleeping quarters in this building, 
and my own clerk, Sgt. Wade, who has done so 
much donkey work. I feel I have left many people 
out. I know they will forgive me, for it is such a 
long list, I cannot mention every one of them. I 
would finally like to mention in particular Lt.-Col. 
Capper, whose work in this connection has been 
prodigious. I will now call on Major-General Stayer 
to close this conference. 


CLOSING ADDRESS 


Major General M. C. STAYER, Surgeon 


Mediterranean Theater of Operations, United States Army 


General Hartgill, Brigadier Edwards, Gentlemen: 


It has been a great privilege to be here and take 
part in your discussions. I personally think it a 
great privilege because I have been a participant in 
wars since 1898, and in that time I have seen 
amazing advances take place in our profession. Out 
of my experiences in the Spanish-American War I 
could tell you many appalling stories about the 
medical profession of that time. 


This week you have heard of some of the things 
our profession is doing today. It would be difficult 
in the space ‘of a few minutes to relate them all, but 
manifestly the training of our doctors has _ pro- 
gressed beyond our wildest dreams. You have seen 
and heard of a number of the outstanding proce- 
dures this theatre has produced. You have taken 
part in these and can be proud that this theatre has 
been able to pool its experiences and from them 
evolve procedures which are making history. I have 
been in other theatres and have seen what they 
have done, but it is only by your training and your 
experience here that many significant advances 
have been effected. 


I feel that at this time I should pay tribute to the 
young surgeons in forward areas, who, by their 
skill, their courage and their will-to-do, have given 
our men the morale to fight. When the soldier goes 
into battle he carries with him the assurance that 
if he is wounded he will, possibly within a few 
minutes, receive the benefit of the finest medical 
procedures the world has yet seen. You who have 
been privileged to go into forward areas have seen 
those men come in dreadfully wounded, in deep 
shock, and have then seen what our people did— 
our surgeons, our nurses and technicians working 
around the clock. You have seen men almost mori- 
bund who, by the use of plasma, whole blood, peni- 
cillin, the sulfa drugs, and, what is paramount, good 
general surgery, good pre-operative treatment, good 
post-operative treatment, so recovered in a few days 
that you might thave wondered if they ever had 
been wounded. They look so well. 


I should like to repeat to you two statements I 
heard recently about our profession. 


I was in Washington at a luncheon attended by 
some of the highest military notables. I was proud 
for you and me as members of our profession when 
several persons told me that the medical services 
of our theatre were beyond criticism. We had ac- 
complished things nobody had ever thought we 
could, in bringing back the wounded, who years 
ago would have met death, to be useful citizens of 
the world. 


A second instance. Recently I attended a decora- 
tion ceremony and heard an Air Force Commander 
publicly express his gratitude to the medical pro- 
fession and its co-workers for giving his gravely- 
wounded men a new outlook on life. He went on 
to express the opinion that there is no other service 
which compares with the medical. You and I can 
feel a real.pride in such a service. 


I think the medical and surgical congresses we 
have attended here have been extremely valuable. 
It is fine to hear many of our younger surgeons ask 
us why a thing should not be so-and-so. This is a 
stimulus to all of us to go forward and do even 
better. We have heard in our meetings, over these 
five days, many a problem which has not been 
solved. After many years—close on 50—I have seen 
the amazing difference in the training of medical 
men in, say, the last 25 years as compared with 
the first. I am confident that the questions put for- 
ward now will be answered, where it is humanly 
possible, in the not-too-distant future. 


Again, I say you-all ought to be proud to belong 
to the finest profession in the world. There is none 
to compare with it. 


I wish to thank you, General Hartgill and Briga- 
dier Edwards, on behalf of my colleagues, for the 
privilege of meeting with you on problems which 
are the concern of all of us. 


I wish you all God-speed back to your stations, 
and hope this war ends yery soon. 


Saturday, 17% February, 1945 
MORNING SESSION 


Presiding : 
Brigadier H. C. Edwards 


A meeting of Consultants and Officers i/c Divisions, Senior Surgical Specialists, 
and Officers i/c of Special Units was held. Major-General D.C. Monro, Major- 
General P.H. Mitchiner, Brigadier W. Rowley Bristow and Brigadier C. Naunton 
Morgan also attended. 


The two main topics for discussion were post-graduate teaching in Italy, and 
the relations between RAMC and EMS medical officers. 


(a) Post-graduate teaching in Italy. 


The meeting was unanimously of the opinion that post graduate courses should 
be organised at an early date at various Centres on the Continent. The object 
of the courses is primarily to assist medical officers who are working with field 
units or who hold administrative appointments. 


(b) Relations between RAMC and EMS medical officers. 


The meeting expressed its keen approval of the consideration now being given 
by the authorities at home to the possibility of arranging exchanges between 
RAMC and EMS medical officers. 


Delegates 


BRITISH 


Lieut, P. ALEXINSKI 
Major H. F. ANDERSON 
Brigadier S. ARNorT 
Lt.-Col. P, B. AScRorr 
Major D. W, ASHCROFT 
Lt.-Col. H. J, B. ATKINS 
Major J, B. BAMFoRD 
Major RB: J.: V. BATTLE 
Major P. H. BEATTIE 
Major R, L. BENISON 
Capt. F, BERNSTEIN 
Major J. G. BrckERTON 
Major G, BLACKBURN 
Brigadier E, R, BoLAND 
Lt.-Col. T. F. BriaGs 
Brigadier W. R. Bristow 
Lt.-Col. W. S. BRINDLE 
Lt.-Col]. J. J. M. BRown 
Capt. Li S. Bruce 

Major H. W. BurGE 
Major R. J. Buxton 
Capt. K. P. S, CALDWELL 
Brigadier W. M. CAMERON 
Lt.-Col. W. M, Caprer 
Major A. R. CLARK 

Capt S. H. C. CLARKE 
Major P, CLARKSON 
Major G. J. CLELAND 
Major D. J. CoLirer. 
Major R. Cox 

Lt.-Col. R. CoyTr 

Major W, V. Crupen 
Lt.-Col. .A. L. d’ABREU * 
Capt. G. G. DoNALDson 
Major H. G, Estcourt 
Major G. H. EAGLES 
Lt.-Col, A, ELLiot-SMITH 
Major G. D, FALCONER 
Capt. T. FAULKNER 
Lt.-Col. G. Y. FEGGETTER 
Major E. A. FrmpIANn 
Lt.-Col. J. FLEMING 
Major R. J. FuRLONG 
Major R. S. GARDEN 
Major S. GLASER 
Colonel F. S. GILLESPIE 
Capt. F. J. GmuLinGHAM 
Lt.-Col. W. C. GLEDHILL 
Major J. C. GoLIGHER 
Capt... C.. A. D:,P.:Granam 
Lt.-Col. R. T. GRANT 


Major W. M. Gray 

Major R. T. Grime 

Capt. H. Harris 
Major-General W. C. HarrGiLri 
Lt.-Col. R. W. HENDRY 
Major T. M. HENNEBRY 
Capt P. F. J. Hicktnsnoruam 
Lt.-Col. A. R. C. H1iGHam 
Major J. Howey 
Colonel T, D. Incu 

Major J. A. JAMES 

Capt. J. A. JAMES 

Lt.-Col. B. R. M.. JoHnson 
Lt.-Col. D. W. JoLiy 

Major C. D. P. JoNEs 
Capt. R. M. S. Kerr 

Major J. G. Kerr 

Capt. J, A. Key 

Lt.-Col. J. B. KInG 
Lt.-Col. R. A. Kina 
Lt.-Col. A. J. Cs. LATCHMORE 
Lt.-Col. W. A.’ Law 

Capt. R. S. LAwnie 

Major A. R. LEASK 

Major D. K. LENNOox 
Major T. LEvitTT 

Major. R. S. Lewis 

Major D. L. Lewis 

Capt. R. W. Lusa 

Major S, N. LYTLE 

Lt.-Col. W. D. F. LYTLE 
Lt.-Col. J, A. MacDouGaLi 
Capt. C. D. T. MacLEan 
Major W. MacLeop 

Major A. I. S. MAcPHERSON 
Capt. M. C. MacQuEEN 
Brigadier R. MARNHAM 
Lt.-Col. C. M. MarspEn 
Lt.-Col. C. F. MAYNE 

Capt. D. A. McDonaLp 
Major A. McDowaLu 

Capt. J. M. McINroy 

Capt J. A. McKENnzIr 
Capt. T. B. McMurray 
Colonel J. T. McOuat 
Capt. J. Mc. I. Mecaw 
Major W. R. MERRINGTON 
Lt.-Col. W. A. MILL 
Major-General P. H. MircHINER 
Major-General D. C. Monro 
Lt.-Col. T, Moore 


BRITISH (continued) 


Brigadier C, N. MorGan 
Capt. I. P. Munro 

Lt.-Col. C. J. B. Murray 
Lt.-Col. R. W. NEvVIN 
Major W. F. NicHoL_son 
Major H. D. O’BrRIEN 

Capt. A. E. O’DONNELL 
Capt. C.’ PARISH 

Lt.-Col. D. S. PooLe-WiILson 
Major F. Pycorr 

Capt. J. A. RANKIN 

Lt.-Col. R. W. RAVEN 
Major R. G. Rem 

Major C. G. Ros 

Major G. K. T. Rocue 
Lt.-Col. H. W. RopGEers 
Lt.-Col. B. W. Rycrortr 
Major J. RYDER 

Colonel H. L. SHEEHAN 
Major J, SHORESTON 

Major H. H. Skrocnu 
Brigadier F. A, R. STAMMERS 
Lt.-Col. J. R. St. G. Sreap 
Major B. B. Stimson 

Capt M. G. SuTTon 
Colonel G. G, TaLsBor 
Major O. H. J. M. TEeELLinea 
Major S. THOMSON 
Major R. THoRNLEY 

Major C. P. K, ToL_anp 
Major W. S. TuLLocn 
Capt J. TuLLocu-Brown 
Capt. G. K. Turron 
Major H. D. S. VELLacorr 
Capt. A. J. WALKER 

Capt. A. S. WALKER 

Capt. W. K. J. WALLs 
Lt.-Col. A. J. Watson 
Lt.-Col. A. S. Wesson 


Delegates 


Lt.-Col. G. E. W. WoLstTENHOLME 


Major G. H. Woo.er 
Colonel T,. YounG 
Major A. YouNG 


ROYAL NAVY 


Surg/Lt. E. F. Cun 
Surg/Lt. Cdr. M. R. Ewina 
Surg/Lt. S. MeLeck 
Surg/Capt. C. B, NicHoison 
Surg/Lt. Cdr. R. Nicks 


ROYAL AIR FORCE 


S/Ldr. A. M. ABRAHAMS — 
W/Cdr. B. J. BrckForpD 
Air/Cdr, T.-K. LY 
W/Cdr. D. F. Nasu 
S/Ldr. N. VeERE-HopGE 


AMERICAN 
Capt. Hugh F. ARNOLD 


Lt.-Col, Lowell B, ASHLEY 


Capt. Gyrlee T, BALLARD 
Lt.-Col, Marshall K. BARTLETT 
Major Clifford M, BASSETT 
Lt.-Col. Henry K. BEECHER 
Capt. Harry BELOFF 

Lt.-Col. Rolland R, Best 
Major Harold J. BowMAN 
Major Charles D, BUSSEY 
Major Irvin CAHEN 

Lt.-Col. Benjamin L, Camp 
Colonel Eldridge CAMPBELL 
Major Henry M, Carney 
Lt.-Col. Christopher B. Carter 
Colonel Edward D. CHURCHILL 
Colonel Francis J, Cox 
Lt.-Col, Bentley P. CoL_cock 
Lt.-Col. Michael DEBAKEY 
Capt. Bertrand L, Dre’CLUE 
Capt. Sydney S, DEutcu 
Colonel George G. Dixon 
Lt.-Col, Everett C. Drasu 
Major James H, DUNLAP 
Major William R. FERGUSON | 
Lt.-Col, Oscar P. HAMPTON 
Lt.-Col. Guy W. Horsey 
Lt.-Col. Yonbert T, JoHNSON 
Capt. Abel KENIN 

Lt.-Col. Henry N, KENWELL 
Lt.-Col. Manuel LicHTENSTEIN 
Major John MARTIN 

Colonel Michae] L. Mason 
Major Paul F, Max 

Colonel Charles MIANGOLARRA: 


Major William K, MiLLer 


Lt.-Col. Charles H.. MosELEy 
Major John K, NATTINGER 
Lt.-Col. John R. Paine 
Lt.-Col. Langdon Parsons 
Capt. Fred PEASE 

Major Robert W, Rospertson 


Delegates 


AMERICAN (continued) 


Lt.-Col, Horatio RoGErs 

Capt, Abraham M, RuBINowITz 
Lt.-Col. Sigurd C, 5aNDZEN 
Lt.-Col, Paul W. SANGER 

Major Spiros P. SARRIs 

Colonel Frank F, SCHADE 
Lt.-Col, Richard T, SHACKELFORD 
Major-General Morrison C. STAYER 
Capt, Somer H, Srurcais 

Lt.-Col. Howard E. SNYDER. 
Lt.-Col, Wesley D, THOMPSON 
Capt. Sidney VoGEL 

Capt, Robert S, Warps 

Lt.-Col. Charles N. WASDEN 
Lt.-Col. Harwel WILson 

Major Luther H, WoLFr 

Colonel George T. Woop 


CANADIAN 


Lt.-Col. A. L. CHUTE 
Major J, R, DAavipson 
Capi. &..G. Day 
Major J. A. GANSHORN 
Major J. HAMILTON 
Lt.-Col, E, C, JANES 
Colonel C. A. McINTosH 
Lt.-Col. H. D, O’BRIEN 
Lt.-Col, J. S. PETRIE 
Major T. E. Roy 

Capt. H. D. Smiru 


UNION DEFENCE FORCE 


Major C, ARKLES 

Major E, E; BARNETT 
Colonel I, BREBNER 
Capt. H. G. BRuUNow 
Colonel D. J. pu PLEssis 
Major J. F, P. Erasmus 
Major M. FINE 

Lt.-Col. R. J. FLEMING 
Colonel F. P, Foucne 
Capt, C. GOLDBERG 
Lt.-Col. W, A. Hiii 
Major W. A, KERR 
Lt.-Col. G, L. G, Masor 
Major J. D, Scorr 
Major W, Srumpson 
Lt.-Col. M. K, Tucker 
Lt.-Col. H, C. WARNER 
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INDIAN ARMY 


Capt B. S, S.. ACHARYA 
Lt.-Col. D. BHATIA 

Major G, P, CHARLEWooD 
Major J. DoNOVAN 

Capt. R, H, P.. Fitzpatrick 
Major D. S, Iver 
Colonel M, Kirk Bryce 
Capt. K. D. MaLaviya 
Major R, NAGENDRAN 
Major R, H. NEEVE 
Major S. C. SARKHEL 
Major A, N. bE QUADROS 


NEW ZEALAND 


Lt.-Col, L. A. BENNETT 
Lt.-Col. K, B. BripGE 
Lt.-Col. A, G, CLARK 
Lt.-Col. E, Y. Comrie 
Major B, W. GRIEVE 
Capt, F. Hopakiss 
Brigadier H. S. KENRICK 
Capt. W. M. MacLavurin 
Major D, P. O’BRrEN 


. Major G. F,. Ricu 


Colonel T. D. M. Stout 


POLISH 


Lieut M. ALLERHAND 
Capt. J. BALK 

2/Lieut W. BIrELECKI 
2/Lieut L, BIEBERSTEIN 
Major M. KLEPACZ 
Major A, KIELBINSKI 
2/Lieut A. MAJEWSKI 
Major C. MacrEJEWSKI 
2/Lieut F. PLoszas 
Colonel T. SokoLowsk1 
Lieut M, SkorczyNnskI 
Lt.-Col. A. SoLtTysik 
Lieut Z, SALACINSKI 
Lieut A. WALEWSKI 
Major A. WASILEWSKI 
2/Lieut M, WEINTAL 


ther Reta 
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